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PREFACE: TO THE THIRTEENTH' EDITION 


The text, lias, again, been fevised,,and considerably; amplified 
iii'tbe present edition. The, Types selected have been 
compared more fiilly with other kinds of Flowering Plants. 
In the Chapter on “Outlines of Physiology’’ additional 
experiments of a simple kind have been incorporated. 1 
am again indebted to my colleagues, Mr. G, E. Briggs and 
Dr, E. J. Maskell, for much help. 

F. T. BROOKS. 

■; March i6, 1943. 
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promoting curvatures of plant organs in response to external 
stimuli, have been incorporated. I am much indebted to 
my colleagues, Mr, G. E. Briggs, F.R,S,., '.and Dr. E. J. 
Maskell, for assistance generously given. 
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March 27, 1937. 
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PREFACE TO THE ELEVENTH EDITION 

Structural Botany has now had a career of over thirty years, 
Part L having first appeared in 1894, Part 11 . in 1896. 
I have repeatedly revised the book for successive editions, 
but felt that the time had come when a more drastic treat- 
ment was desirable. With this end in view, I thought it 
wise to call in a colleague with recent experience in general 
botanical teaching. I was so fortunate as to secure the co- 
operation of my friend, Mr. F. T. Brooks, University 
Lecturer in Botany at Cambridge. The publishers sanc- 
tioned my proposal, and Mr. Brooks has thoroughly revised 
the present volume and brought it up to date. 

? The chief changes which he has made are in Chapter 

III., ‘‘ Outlines of Physiology.’* Mr. Brooks has not only 
much improved the chapter as originally limited, but he 
has further added two entirely new sections, on Growth 
and on Movement of Plant Organs. Thus the physiological 
portion of the book, however brief, now gives a general 
survey of the mode of life of a typical flowering plant. 

The authors are much indebted to Miss E. R. Saunders, 
Dr. F. F. Blackman, F.R.S., and Mr. G. E. Briggs for help 
kindly given. 

D. II. SCOTT. 

/February 4^ tgzj.' , ■■ 
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PREFACE TO THE " FIRST EDITION 


This book is intended as a first guide to the study of the 
Structure of plants. Botany is now taught in schools of 
all kinds, and wherever Botany is taught it has become 
customary to expect some knowledge of the cpnstruction of 
plants, and of the function of their organs. All that I have 
aimed at in this book is to secure that such knowledge, when 
first acquired, shall be correct as far as it goes. 

My purj^ose has been to write an Introduction to Struc-* 
tural Botany^ not a manual of Botany in general. It is 
absolutely necessary that schoolboys and girls, if they are to 
learn this science at all, should also gain a knowledge of 
plants in the field. For this part of the work a guide is 
necessary, and some such book as Professor Oliver's Lessons 
in Elementary Botany is indispensable. 

The type-system has been adopted, as far as practicable, 
because it seems better to gain as thorough a knowledge as 
possible of a few plants, rather than to acquire mere scraps 
of information about a larger number. The types have 
been specially investigated for the purpose of this book, and 
many of the figures are original.^ For the rest, the authority 
is cited. An effort has been made to point out those struc- 
tural characters which are of wide importance, as dis- 
tinguished from those which are peculiar to the type, or its 
nearer allies. 

The subject-matter is not always easy, and some parts of 
the book will not be followed without close attention* There 
is really no reason why Natural Science should be regarded 
in schools as a specially easy subject. If Science is to be 
taken seriously, it rather seems desirable that those who 

■ ',^'Those, signed R. S/* have been drawn bv' Mrs. D, H, Scott, 
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FLOWERING PLANTS 

INTRODUCTION 

In beginning the study of plants we cannot perhaps do 
better than fix our attention on any common kind of plant 
with which we may happen -to be familiar, ■ and consider 
what are the most striking points in its construction. In 
this way we may hope, starting from the general knowledge 
which we all possess as the result of everyday observation, 
to pass on to that more accurate and systematic knowledge 
which is called Science. 

It matters little witli what plant we begin. The Wall- 
flower is well known to everybody, so we will take that as 
our example. 

The chief parts of which such a plant consists arc easily 
distinguished (see Fig. r). There is a branched colourless 
root, which is fixed firmly in the ground ; from this rises 
the upright stem bearing the fiat leaves. The stem is 
branched, each branch arising from the angle between a 
leaf and the main stem ; the branches also bear leaves, and 
resemble in all respects the stem on tvhich they grow'. 
Later on the flow^ers appear, borne on the upper part of the 
stem and its branches, aboye the leaves. These flow'ers, 
when they wither, give place to the fruits or seed-vessels, 
and in these the seeds themselves are ripened, which, 
when sfiwn, will produce a new generation of wallflowers 
for next year. ■ 

Now a plant, like all living things, is made up of organs ; 
thus a leaf, a stem, a root, or a flowei*Js “noL merely a part 
of the plant, but it is a part which &eis some definite work 
for the good, of the whole. The highest or most perfect 
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plants are tliose in which the division of labour is most 
complete, in which the principle of setting apart a distinct 
organ for each distinct kind of work is most thoroughly 
carried out. The Wallflower is an example of a very highly 
organised plant. Later on we shall make the acquaintance 
of plants in which there is little or no division of labour- 
in which, that is, the organs are not distinct, or at least not 
evidently so. 

The work which an organ has to do is called its function. 
In the Wallflower, as in the higher plants generally, the root 
has two manifest functions it has to hold the plant firmly 
in the ground, and also to take up food from the ground. 
The have for their chief office the absorption of food 
from the air ; we shall soon find that a green plant obtains 
quite half its food from this source. The stent has to 
conduct the food, which the root and the leaves absorb, to 
other parts of the plant, and it also has to support the leaves 
in such a position that they may best be able to do their 
work ; ^ and thirdly, the stem has also to bear th.t flowers. 
The flowers themselves have quite a different duty to 
perform. Their business is to produce the seeds^ and so 
to provide a supply of new wallflowers for the future. We 
see, then, that the organs which we have mentioned are of 
two kinds. On the one hand, the root, stem, and leaves 
do work for the benefit of the particular plant to which 
they belong; these we call the vegetative organs. On the 
other hand, the flowers are concerned in the production 
of fresh plants; they are therefore called the 
organs. 

One important division of Botany, then, is concerned 
with such questions as those which we have just roughly 
indicated. We aim at finding out how a plant lives, what 
different kinds of work it has to do in order to live and to 

^ it is often convenient to speak of the stem and leaves together as the 

■ shoot,: . .. ■ ■ 
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produce others of. its kind, ..and by means of what organs 
the work is done ; also what is the structure of these organs 
by which they are enabled to perform their ofiice. All these 
questions belong to Physiology in its widest sense. Physi- 
ology is concerned with the question what a plant does^ and 
what its various organs do. The answer to such questions 
must be obtained hj experiment. The study of structure, 
or Anatomy ^ is from this point of view a necessary auxiliary 
to physiology. 

But we can also look at plants from a different point of 
view. Suppose, for example, that instead of considering 
the Wallflower alone, we compare it with some other plant, 
such as a Potato. A potato plant differs in many points 
from the Wallflower, but we will confine ourselves to one of 
these differences. It not only consists of the stem bearing 
its green leaves and ultimately producing the white or 
mauve flowers, and of the root with its fibrous branches, 
but it also forms the potatoes themselves (or tubers, as they 
are called), which we eat Now these potatoes, as every 
one knows, grow, like the root, underground, borne on 
subterranean branches. Both they and the branches which 
bear them are colourless, and from their general appearance 
and position every one who has not learnt Botany at once 
classes them as roots. But is this their true nature } 

If we closely examine the branches on which the potatoes 
grow% we shall find that they bear small scaly leaves (Fig. 2, 
sc). Similar little leaves (ec) will be found on the potato 
itself, adjoining the ‘‘ eyes,*’ and the ** eyes ” themselves 
are buds (M), w^hich grow out into new plants when the 
potatoes are sown. Leaves and buds, however, are charac- 
teristics of stems ; the former are never, the latter rarely, 
found on undoubted roots. Besides this, a more thorough 
examination would show that the internal structure and the 
mode of growth of the potatoes and of the underground 
branches which produce them are those of stems and not 
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of roots. Further, we may sometimes find on the parts of 
the potato plant above the ground bodies which are inter- 
mediate in form and structure between potato tubers and 



Fig. .5. — Young Potato plant (reduced), raised from seed. 
ft, the tirst leaves » or cotyledons ; /, the foliage-leaves ; 

b\ branches, bearing the tubers ; sc, scale-leaves ; r, r\ 
roots; TB, tubers; their scale-leaves; hd, their buds. 
(From Sachs, after Duchartre.) 

ordinary green branches* For these reasons, all botanists 
are agreed in regarding potatoes, in spite of their appearance 
and underground position, as forming part of the shoot and 
not of the root. In other words, we come to the conclusion 
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that certain shoots of the potato plant have become com- 
pletely modified, so as to lose all the more obvious characters 
of shoots, and to bear a superficial resemblance to roots. 
These changes are the external manifestation of a complete 
alteration of function. The potato tubers have given up 
the usual functions of shoots, and become adapted to serve 
as storehouses of food (chiefly starch) for the young plants 
which will grow from the “ eyes ’’ next year. 

If, then, we compare the potato plant with the Wallflower, 
we find that, while in the latter the shoot consists entirely 
of above-ground branches bearing green leaves, in the 
potato plant certain parts of the shoot are changed into 
underground colourless organs, bearing scale-leaves, and 
ending in tuberous swellings, which are storehouses of food. 

But we must not suppose that all underground organs 
which serve this purpose are shoots. Turnips, radishes, and 
dahlia tubers are also underground parts of plants, and in 
function are similar to potato tubers, but here the structure 
and mode of growth show that we have to do witli modified 
parts of the root (Figs. 3 and 4). 

Idle comparison of various plants thus shows us that 
t|uite different parts may be changed, so as to serve the 
same function, and that the same part may be modified to 
perform quite different functions. We shall meet with 
plenty of examples of this later on, but the instances just 
given will suffice to introduce us to the second great division 
of the science of Botany, namely, the Morphology of plants. 
I'his is based upon the comparative method of study as 
applied to plants and their organs. 

To put the distinction shortly, while, as we have seen, 
physiology asks the question what each part of a plant doe$^ 
morphology inquires what it is. The word ** morphology 
means the study of form,'* but this literal meaning, as so 
often happens with scientific terms, gives a very imperfect 
idea of what is really implied. External form, at any rate, 
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is quite an insignificant part of the subject of morphology, 
which is much more concerned with internal structure, 
relative position of parts, and the changes which they 
undergo during development. By the accurate comparison 
of plants in all these respects, morphology aims at finding 
out the relationships between them — that is, it endeavours 
to construct a natural classification of the vegetable kingdom. 
Classification is often treated as a separate part of the science, 
called Systematic or Taxonomic Botany, and this is a con- 
venient division, but Systematic Botany can only be satisfac- 



P'k;, 3. — Conical root of Fig. 4. — Fleshy root of 

Bryony. Reduced. Turnip. Reduced, 

(After Balfour.) (After Balfour.) 

torily based on the comparative study of plants— that is, on 
morphology. 

While it is easy to distinguish sharply between the 
physiology and morphology of plants, it is more important 
to remember that neither can be pursued to any advantage 
without the other. Physiology without morphology would 
teach us much about the life of individual plants, but could 
give us no idea of the vegetable kingdom as a whole, or of 
the relationship between the innumerable species of which 
it is composed. Morphology without physiologv, on the 
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Other hand, .would be just as barren,' for the. complex 
.'modifications of . the organs of plants- would be wholly , im- 
intellig.iM.e. without reference to.tbe^ functions, to ■ which, 
they are adapted. Only by examining plants from both 
points of view can w^e attain to any knowledge of them which 
deserves . the name of science. ' 

The method pursued in this book is to take in succession 
a series of types representing important groups of plants, 
to examine each of them as fully as our space permits, 
with reference to both structure and function, and to 
compare^ them together. It ' will often be necessa,ry to 
supplement the study of our main types by that of other 
plants which resemble them on the whole, but better illus- 
trate some particular point, for Nature does not provide 
us with perfect types ready made. 

In this way we may hope to gain some real knowledge of 
a few plants, which may serve as a firm foundation for 
more extended study afterwards. In choosing the order of 
oiir types, we will begin with the more highly organised 
plants, in w^hicli the division of labour among the organs is 
most complete. We do this, partly because the higher 
plants are most familiar to us in everyday life, and partly 
because we shall gain from them the clearest conceptions 
of organs and their functions. 

Besides morphology and physiology, there are some more 
divisions of Botany which we must mention. One of these 
is the study oi fossil plants— that is, of the vegetable remains 
which have come down to us preserved in the earth from 
ages long past. This is called the Palaeontology of plants, or 
sometimes Palaohotany — that is, the science of ancient 
plants. From one point of view this is simply a part of 
morphology ; we compare the fossil plants among them- 
selves and with recent ones, and draw conclusions, so far 
as we are able, as to their relationships. We cannot study 
their physiology, for they are dead ; we may, however, 
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draw some inferences as to their mode of life from their 
structure. So far, palseontology is concerned with the same 
questions as recent Botany, but we also have to learn the 
succession of the strata in which the fossils are found, and 
so to trace their relative geological age, or, in other words, 
their distribution in time. Inquiries of this kind are peculiar 
to palaeontology, and are of the greatest possible importance, 



because they enable us to a certain extent to trace the past 
history of tlie different kinds of plants. To take only one 
example : the enormously rich vegetation which is so well 
preserved in the coal-measures consisted of forms of plants 
which have long sinqe become extinct. The classes to which 
many of the great trees of that period belonged (such as 
the Stigmaria figured) are now only represented by a few 
small herbaceous plants (such as Selaginella)} On the 
other hand, most of the groups which are now of the 
' ’ See Part II., Fhnverless Plants^ }>• i- 
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greatest importance had not then appeared, and their first 
representatives are found in much later rocks. This part 
of the science, however, cannot be further touched on 
here. We shall only be able to concern ourselves with 
plants now living. ■ 

I'hen we have Geographical Botany^ from which we 
learn the parts of the world in which the different kinds of 
plants grow wild, or, in other words, their distribution in 
space. This teaches us, for example, the very uniform 
character of alpine vegetation in many parts of the world ; 
the peculiarities of the Flora ^ of oceanic islands, deserts, 
and so on. This also leads to very important conclusions, 
especially when we study the geological and climatic changes 
which have influenced the present distribution of plants; 
We shall call attention to the distribution of our various 
types, but this part of Botany cannot be pursued far without 
a mxich wider knowledge of plants than is aimed at in this 
hook. 

Another branch of Botany which is being pursued very 
actively at the present time is called Ecology {o/xos\ ‘‘a 
house'’), and is concerned with the study of the plant at 
home ^ — that is, in relation to its surroundings. Ecology aims, 
for example, at finding out why some plants grow in woods, 
others in marshes, others on sand-dunes ; how plants are 
affected by one another or by animal neighbours ; the causes 
of their succession according to the seasons ; and so on. 
Ecology has a great deal to do with Geographical Botany, 
because it helps to explain the distribution of plants, and 
with Physiology, because one must know how a plant lives 
in order to understand its relation to its surroundings. , 

In plant nomenclature each plant receives a Latin name 
consisting of two words, the first being the name of the 
genus and the second that of the specm. Thus the scientific 

^ By the Flora of u country we mean ail the plants which grow wild 
there, collectively. 
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name of a particular plant is the same throughout the world, 
whereas its popular name varies from country to country 
and even in different parts of the same country.. The 
scientific name of the Wallflower is CJieiranthus Cheiri^ L., 
the letter L. being an abbreviation of the name of the author 
(Linnaeus) who first gave it this name and described it 
precisely. The genus Cheiranthiis comprises several dif- 
jferent species which have certain characteristics in common. 
Some genera contain many species, others only one. This 
binomial nomenclature of plants, as it is called, was stabilised 
by Linnseus, a great Swedish naturalist, in the eighteenth 
centui7. Genera which have several identical characters, 
but otherwise differing, are said to belong to the same 
Family. Thus the Wallflower [Cheiranthus Cheiri) and the 
Shepherd’s Purse {Capsella Bursa-pastor is) belong to the 
family Crucifer^e as their flowers are constructed on essen- 
tially the same plan. In the classification of plants greatest 
weight is attached to the structure and arrangement of the 
reproductive parts as these are less liable to change under 
different environmental conditions than are the vegetative 
organs. 

A plant species like the Wallflower consists of many 
approximately identical individual plants which can breed 
freely together and in which the seeds give rise to the same 
kind of plant again on germination. There are, however, a 
number of different varieties of Wallflowers, e.g. some have 
yellow flowers and some have dark red flowers. Each variety 
usually breeds true to its own particular character unless 
cross-pollinated by another variety. 

After these introductory considerations, we will now go 
on at once to our first type. 



CHAPTER I 


TYPE I' , 

THE WALLFLOWER {Cheiranthus Cheiri, L.) 

L EXTERNAL CHARACTERS 
A. ' Vegetative Organs 
a. The Shoot 

The Wallflower, a native of Southern and Central Europe, 
is occasionally found naturalised in England, and derives 
its popular name from growing commonly on old walls. 
It is a perennial— that is to say, it lives for a number of years. 
It does not die down in winter, nor does it lose its leaves in 
autumn. I'he leaves, however, gradually drop off from the 
older parts of the stem. 

The stem is erect and branched (see Fig. i), and its lower 
part is covered by seales of pale brown bark. This part is 
hard and woody. The upper portions, both of the main 
stem and branches, are softer and coloured green, and are 
rather hairy. The .surface of the .stem is ridged lengthways, 
the ridges being more conspicuous on the younger parts. 
The ridges are generally five in number ; each of them runs 
vertically along the whole length of the stem or branch, and 
passes through the places where the leaves are inserted. 
The ridges are most prominent just below the insertion of 
the leaves, 

Both in the main stem and its branches it is evident that 
the low^er parts are the older. For some distance above the 
ground there are no leaves ; they have dropped off, and 

we only find the scars which they have left. Then we come 

•11 ■ 
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to leaves which are beginning to wither ; a little higher up 
they are green and fresh> and of full size. Higher up still we 
find them smaller and more delicate, while at the top of 
each branch the leaves are only just forming, and we can 
trace them op to the extreme tip, until they are so small that 
we can no longer distinguish them. We see, then, that the 
formation of new organs goes on from below upwards, or, 
in other words, the growth takes place, at the apex of the 
branch. The extreme end of the branch, where the young 
leaves are just making their appearance is called the growing- 
point. The growing-point with the tmung leaves which 
surround it is called the leaf-bud. 

The branches do not arise indiscriminately on any part 
of the stem, but evei7 branch grows from the angle between 
leaf and stem, just above the insertion of the leaf. This 
angle is called the axil^ and the branches are said to be 
axillary. The main stem continues its growth indefinitely 
in the same direction, giving off its branches laterally. 

The arrangement of the leaves on the stem requires 
rather close attention to make out. We see at once that no 
two leaves arise at the same level. Every leaf is placed a 
little above or below its next neighbours. The leaves, 
therefore, are said to be alternate. 

We find further that they are arranged in a spiral. An 
imaginary line connecting. the bases of the successive leaves 
together would wind upwards round the stem, just like the 
thread of a screw ; here, however, the spiral ascends from 
the right up to the left, like a left-handed screw, in the 
reverse direction to an ordinary right-handed one.^ Now, 
if we count the leaves carefully, beginning from below, and 
not counting the leaf taken as our starting-point, we shall 
find that the fifth leaf comes exactly above the one we 
started with, and in order to reach' this fifth leaf we have 
had to follow the spiral exactly twice round the stem. 

^ la the diagram (Fig, 6) the spiral ascends from left to right. 
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The ridges make it much easier to see which leaves come 
in the same straight line ; for, as we saw just now, each 
ridge runs straight from one leaf to that vertically above or 
below it. This arrangement of the leaves may be expressed 
by the fraction I , in which the denominator indicates the 
number of the leaf which comes directly above the starting- 
point, while the numerator tells us how many times the 
spiral line travels round the stem before the fifth leaf is 



^5. - -1 )iai4rain illustmte PhyUotaxi^i. The dotted Vmv 
represents the leaf-spiral, which is seen in horizontal plan, 
the centre corresponding to the apex. Th<j concentric 
circles represent the successi\e nodes, (After Van 'Pieahen s . ) 

reached. This fraction - also expresses the Sver^^ern'e or 
angle between two successive leaves, which is equal to l of 
the circumference of the stem. The way in wliicli leaves 
are arranged on the stem is called phylloiaxis, and varies 
very much in different kinds of plants. 

The whole length of the stem is divided into nodes and 
internodes. *rhe part where a leaf is borne is called a node, 
the spaces between the leaves are the mternodes. 
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Each leaf is attached to the stem by a narrow base. It 
has no distinct stalk, but the blade of the leaf is very narrow 
near the base, and broadens out quite gradually for about 
two-thirds of the whole length, and then narrows again 
rather more rapidly to the pointed end. The leaf is techni- 
cally called sessile, because the blade is seated on the stem 
directly, without the intervention of a leaf-stalk or petiole, 
such as we see in the leaf of a Vine br 
Geranium. The narrow part of the blade, 
however, only differs from a leaf-stalk in 
being slightly winged. The part of the 
leaf where it joins the stem is called the 
leaf -base ; this remains in connection with 
the stem after the rest of the leaf has 
dropped off. 

The shape of this leaf is expressed in 
botanical language by the words lanceolate, 
acute, and entire. The word lanceolate 
refers to the general outline, which is like 
that of a lance-head ; the word 
indicates the pointed apex ; while the 
term entire means that the edge is not 
toothed or divided in any way. 

The upper surface of the leaf is dark 
* Wallflowe^rnatu- green and very slightly hairy. The under 

ral size, showing surface is of a lighter green, and has 

the chiet veins. , . i , 

(K. s.) many more hairs. 1 he hairs are closely 

applied to the surface, and cannot be 
seen well without a lens, though they can easily be felt. 

The leaf is traversed from end to end by a stout midrib, 
or principal vein, which is more prominent on the lower 
surface, and gradually tapers towards the apex. From the 
midrib branch-veins are given off at irregular intervals, 
which turn upwards so as to Tun nearly parallel to the mid- 
rib. These main branches join on to each other, and them- 



selves give off innumerable lesser branches, \vhich permeate 
every part of the leaf, and are united among themselves 
into a line network. The finest branches of all, however, 
end blindly witlxin the meshes of the network. The smaller 
veins can only be traced with the help of a lens (see Fig. 24). 
This type of venation is said to be reticulate and is character- 
istic of the large Class of the Dicotyledons, to which the 
Wallflower belongs. 

We have now described the chief external characters of 
the stem and leaves. To complete our sketch of the vegeta- 
tive organs, we will next consider the root. 

b. The Root 

If we pull up a Wallflower and wash away the earth 
which clings to the root, we find that this, like the stem, has 
a main axis, which grows straight downwards, in the same 
line with the erect axis of the stem. A main root of this 
kind is called a tap-root. Of course the root meets with more 
resistance to its growth than a stem does, and sometimes it 
is forced to diverge more or less from its vertically down- 
ward direction (see Fig. i). From the tap-root a number of 
branches are given off. These branches do not grow straight 
down, but take an obliquely descending course, forming 
an angle a little less than a right angle with the tap-root. 
From these principal branches other much smaller ones 
arise, and these also ramify repeatedly. The finer branches 
of the root do not take a fixed course, but penetrate the soil 
in all directions equally. If the plant has been very carefully 
taken up, we shall find that particles of earth stick firmly to 
the very youngest branches of the root a little above their 
extreme tips. This is because these parts of the root are 
clothed with very fine root-hairs (see Fig. 29), which have 
withered away from the older parts. These are 

barely visible to the naked eye, and must by no means be 
confused with the rootlets or fibres already described, to 
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which they bear no resemblance in structure, as we shall 
find when we come to the microscopic work. Each growing- 
point of the root and its branches is covered by a root-cap 
(see pp. 67 and 74). We notice as conspicuous differ- 
ences between the root and the shoot, that the former bears 
no leaves and is not green in any part. . 

We shall find a young seedling more convenient for 
studying the root than an older plant. On such a seedling 
it is possible to make out that the branches of the tap-root 
are not arranged irregularly, but form four vertical rows. 


B, Repropuctive Organs 

a. The Flowers 


I'he branches which bear the flowers do not at first differ 
in any way from ordinaiy vegetative branches. They arise 



FiC. 8. — Flower of Wallflower, 
flower-stalk ; c, calyx ; 
/>, corolla ; stamens ; /j, 
stigma. (After Balfour.) 



A', stamens ; b, stigma at 
top of pistil ; r, recep- 
tacle ; g, honey-glands at 
base of short stamens. 
(After Balfour.) 


in the axils of leaves, and for some time bear leaves them- 

selves in the usual vi-ay. But soon the production of leaves 
ceases, and from that time onwards the branch bears flowers 
only. Each flower may itself be regarded as a modified 
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branch (borne on the maiii branch), the leaves of which 
differ greatly in arrangement, form, structure, and colour 
from the vegetative leaves. The flowers, unlike the ordinary 
branches, do not arise in the axils of leaves, for there are no 
leaves at all on the part of the plant which bears them. 



Fig, lo. - Diagrammatic view of the flower of \\'ailtlower 
(enlarged) in longitudinal section, cut in median plane of 
outer sepals, s, sepal; />, petal ; st\ two of the long 
stamens ; 5 /“, one of the tw6 short stamens ; o, ovary j 
ovules ; .v/Zg, stigma. (R. S.) 

'rhis is characteristic of the Wallflower and its relations. 
In most plants the flowers, like other branches, are borne 
in the axils of leaves* 

'fhe entire group of flowers borne upon the stem is called 
the injlareseeuce. In the Wallflower the .flowers are borne 
laterally on a main axis, and are stalked. The main axis. 
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terminates in a bud which is continually forming new 
flowers as long as growth continues. Thus the oldest 
flowers are at the bottom, and the youngest at the top. An 
inflorescence of this kind is said to be indefinite. An in- 



Fig. It. — Diagrammatic view of the flower of Wallflower 
(enlarged) in longitudinal section, passing through median 
plane of inner sepals, s, sepal ; p, petal ; long stamens ; 

short stamens ; o, ovary ; ov^ ovules ; stig^ stigma ; 
n, nectaries at base of short stamens ; J?, septum between 
the two carpels. (R. S.) 

definite inflorescence with a single elongated main axis and 
stalked flowers is a raceme. 

Now we will consider the parts of a single flower in 
detail. The first point that strikes us is that, while the 
stalk (pedkel) is quite bare, all the leaves are crowded 
together at the end of the branch. The floral leaves are not 
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arranged spirally, but two or more grow at the same level. 
The enlarged end of the stalk, on which the floral organs 
gro\w, is the receptacle^ or thalamus. 

Beginning at the outside of the flower, we first come to 
four small narrow leaves of a purplish or greenish colour 
(see Fig. 8, c). These leaves are not all inserted at the same 

®A 



F ic; . 1 2 . — l"ra!is\’erse section through a flower-bud . A , position 
of axis of inflorescence; Sy sepals (four in number): 
py petals (shaded) (four in number) ; sty stamens (six in 
number, each with four pollen-sacs) ; O, ovary (of two 
carpels). Compare the diagram, Fig. 13. Magnified 
about 12 times. (R, S.) 

level. They are in two pairs, placed at right angles to each 
other, and one pair is inserted rather farther in than, the other 
pair (see Figs. 12 and 13). This is seen very clearly in the 
bud (Fig. 12), though less easily in the open flower. Each 
of these four leaves is called a sepaly and collectively they 
form the calyx ; as the sepals .are not-' joined together, the 
calyx is said to be polysepalouSy 
3 
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The diagram, Fig. 13, represents as it were the ground 
plan of a flower, and shows the relative position of all its 
parts. In order to fix this, it is necessary to know how the 
flower is placed with reference to the axis of the inflorescence. 
This axis is indicated by a dot in the diagram. It will be 
seen that the two outer sepals are so placed that one lies 
next the axis {posterior)^ and the other remote from it 
{anterior). The two inner sepals are placed at the sides 
{laterally)^ alternating with the outer two. The tw^o inner 

sepals are bulged out at the 
base ; we shall see the reason 
for this directly. In the bud 
before it opens, the calyx com- 
pletely encloses all the other 
parts of the flower. 

Inside the calyx w^e find four 
floral leaves forming a single ring, 
or whorL These are tht petals y , 
the most conspicuous part of the 
flower. In the wild Wallflower 
they are yellow ; in cultivated 
specimens they are often more or 
less brown. Each petal is broad 
and rounded above, and tapers 
into a narrow; stalk ■ below-" (see 
Figs. 10 and II ). The four 
petals form collectively the 
corolhiy which is here said to be polypetalous, because the 
petals are not connected together. The petals are so 
placed as to alternate with the four sepals — that is to say, 
the middle of each petal comes exactly opposite the space 
between two sepals (see Figs. 12 and 13). 

Both the sepals and the petals are veined, hut not in such 
a complicated way as the vegetative leaves. 

So far the organs of the flower have borne an obvious 





Fig. 13. — Floral diagram, or 
ground plan of t he flower of 
C heir ati thus. c/, axis of 

inflorescence ; s.p.y pos- 
terior sepal ; s.a.^ anterior 
sepal ; a*./,, lateral sepals ; 
/>, the four petals ; the 
six stamens (the four long 
ones are shown connected 
in pairs) ; c, Ute two united 
carpels, forming the pistil. 


resemblance to ordiimry^ The next whorl is very 

different, and consists of bodies which, so far as their 
outward form is concerned, are not at all leaf-like. Each 
consists of a loiigish stalk, bearing at the top a little boat- 
shaped case of a yellowish colour. These are the stamens 
(see Figs. 8, 9, lo, and ii). There are six of them, four of 
.which are longer' than the. other two. The two shorter 
stamens stand on either side of the flower, and each of them, 
is, placed just. between two of the petals, and just opposite 
the two inner lateral sepals. The .four longer stamens, are 
placed rather farther in, so that all six stamens might be 
regarded as forming two whorls. The longer ones are in 
two pairs, each pair standing between two petals, and just 
opposite the t\\’o outer (posterior and anterior) sepals; (See 
Fig. 12 and diagram, Fig. 13). The stamens collectively are 
called the 

The stalk of the stamen is called the ; the body 
at the top of the filament is the anther. The filament is 
continued up through the middle of the anther, and is here 
called the amneriire, because it connects together the 
two halves (lobes) of the anther. When the anther 
bursts to discharge a yellow powdery substance called 
pollen. 

Just inside the bases of the,. two shorter stamens are 
two large green honey - glanxis The fila- 
ments are bent outwards to make room for them, and 
this causes the bulging of the adjacent lateral sepals, 
w'hich ^ve noticed in examining the calyx (see Figs. 9 
and ii). 

'Fhe middle of the flower is occupied by the pistil or 
gynweium. This is a nearly cylindrical hollow body, green 
in colour, tapering a little towards the top, and surmounted 
by a forked outgrov\th. d’he lower thicker jnirt, which 
occupies more than tliree-quarters of the whole length, is 
the 0Tar}\ and the forked outgrowth' at the top of all is the 
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Stigma, while the short tapering portion which connects the 
two is the style (see Figs. 9, 10, and ii). 

The hollow ovary is divided lengthways into two com- 
partments by a membrane called the septum. This membrane 
marks the boundary between the carpels, the name 

given to the parts of which the pistil is composed. We see, 
then, that the two carpels are so placed as to lie opposite 
the two inner lateral sepals. Within the ovary are the 
young seeds, or ovules, as they are called at this early 
stage. They grow on the walls of the ovary adjoining 
the septum. As, however, we are only dealing with 
external characters at present, we will postpone any 
further examination of the interior of the ovary and of 
the ovules (see p. 90). 

The ovules only develop into the seeds after fertilisation, 
which is brought about by the pollen. In order that the 
ovules may become ripe seeds, which can grow into young 
plants, it is necessary that the pollen should come into 
contact with the stigma of the pistil. The whole process of 
fertilisation will be described later on, when we have made 
ourselves acquainted with the internal structure of the 
flora! organs (see p. 105)* 

h. The Fruit 

The fruit is the ripened pistil, and contains the seeds, 
which are the fertilised ovules. It continues to show the 
same general structure as the pistil, but grows much larger, 
and undergoes some important changes, a description of 
which will be found on p. 118. During the development of 
the pistil into the fruit all the other floral organs — calyx, 
corolla, and stamens — drop off. 

^ E. R. Saunders, who has investigated the morphology of the. ovary 
in detail, considers that there are four carpels in the ovary of the wall- 
dower, two of which are sterile and form the valves, the other two being 
fertile and forming the septum (see Fig. 30). 
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IL INTEjRNAL structure 
/L Tm Cells 

If we examine under the microscope a thin slice, or 
section as it is called, from any part of an ordinary plant, 
say, for example, a section cut straight across the stem of a 
Walliower, we find that its substance is not uniform, but 
is divided up by a network of walls into innumerable minute 
'chambers of varying sixe and- shape (see Fig. 20). If we. 
make . another section .at right angles to the, fi.rst, say a 
section lengthways through the stem, we find the sam,e 
structure, except that in this view the chambers appear to 
have somewhat different shapes (see Fig. 22). Combining 
the two views together, we come to the conclusion that the 
whole substance of the plant is composed of a system of 
closed com|>artments. This is the reason why, if a juicy 
fruit like the melon is cut into pieces, all the juice does not 
run out, but only a little is lost. The juice is contained in 
these little closed chambers, which hold it fast, and only 
those which are actually opened by the knife are emptied* 

Now these chambers, of w^hich the whole substance of 
almost all plants consists, are called cells. They are nearly 
always so small that they cannot be distinguished at all 
except under the microscope. Few reach a diameter, of 
, ,Vo of an inch, while many measure only f oVw of an inch, 
or less. The fact that plants have a cellular structure is far 
from being a modern discovery. Cells were discovered in 
plants by Robert Hooke ^ in 1667, and within the succeeding 
fifteen years the internal structure of many plants was 
worked out by Nehemiah Grew in England, and Marcello 

^ See his Micrographia ; or, Some Physiological Descriptions of Minute 
Bodies made by Magnifying Glasses, with Observations and Enquiries 
thereupon (London, 1667), especiaHy chapter xviii., Of the Scheniatisme 
or Texture of Cork, and of the Cells and Pores of some other such 

frothy Bodies.’* 
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Malpighi in Italy. The early anatomists were struck by 
the similarity of many vegetable tissues to the honeycomb 
of a bee, and they applied the word “ cell ’’ to the chambers 
in both cases in the same sense. 

From the time of Grew and Malpighi onwards until well 
within the nineteenth century— for a period, that is, of 
quite a century and a half— those botanists who troubled 
themselves at all about internal structure attended chiefly 
to the walls of the cells. These are much the most con- 
spicuous features in the section through any fully formed 
organ, when seen under the microscope. The network of 
walls enclosing the cavities strikes the eye at once. We do 
not at first particularly notice the contents of the cavities, 
but the research of the last century has shown that it is the 
cell-contents, after all, which are the most important part 
of the cell ; it is the contents which form the wall, not vice 
versa, and in some plants the cell-contents escape, and are 
then quite able to grow and increase without any wall at 
all, while the cell-wall without its contents is . a dead shell, 
incapable of growth or activity of any kind, 

a. General Structure of the Cell 

We will now shortly consider the structure of a single 
cell, and we will begin by describing one from quite a young 
part of a plant, such, for example, as the bud at the growing 
end of a branch. 

A young cell (sSee Fig. 14, A), like one of those of -which 
a growing-point is formed, is surrounded on the outside by 
a delicate but firm and elastic membrane, the cell-wall, by 
which it is separated from its neighbours. The w^all consists 
chiefly of a substance called cellulose, w^hich is chemically 
very similar to starch, and is composed of the same chemi- 
cal elements (carbon, hydrogen, and oxygen) in the same 
proportions,^' 

^ The* formula is 
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The strength and elasticity -of, all parts' of the plant are 
ultimately due to the cell- walls, which serve as a firm sup- 
porting framework for the whole structure. In such young 
parts as we are now considering, however, the cell- walls are 
still very thin,, and for this reason growing-points are very 
delicate, and require external protection, which in the case 
of stems is afforded by the surrounding leaves. 

The interior of the cell is almost completely filled by a 
soft, viscid, finely granular, colloidal substance, the proto-- 
plasm. The outer part of the protoplasm, where it borders 
on the cell-wall, is clearer— that is, more free from granules, 
— than the rest. The protoplasm consists of a mixture of 
various substances, called by chemisSts proteins, which are 
more or less similar in composition to albumen or white of 
egg. These are very complicated bodies, not yet fully in- 
vestigated by chemists ; they are composed of the elements, 
carbon, hydrogen, oxygen, nitrogen, and sometimes also 
sulphur and phosphorus. Besides the proteins, active 
protoplasm always contains a large proportion of water. 
Physically it resembles a very thick fluid, but it has powers 
spontaneous moveinent and continuous changes of form 
such as no other fluid in nature possesses.^ Protoplasm is 
found in. all cells without exception in which growth is 
going on, or in which, food .is . assimilated, or any new 
structure formed, or any kind of spontaneous movement 
carried out. ' It is, in fact, the seat of all those processes 
(whether in plants or animals) which distinguish living 
organisms from lifeless matter. The word “ protoplasm^ 
meaning that which is first formed, was invented by tlie 
Bohemian physiologist Purkinje in 1840, and was used in- 
dependently by the German botanist von Mohl in 1846, 
10 express the fact that thi.s substance is the primary part of 

' No })ari ol; the WaillU.Jwer plant is convenient lor observing these 
nio\ einents cT* protoplasm, some special illustrations of them from other 
plants will be gi\'cn below (see p. 36), 
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the cell, while the cell-wall is a secondary product derived 
from it. 

Embedded in the protoplasm is a roundish denser body, 
which has a more coarsely granular appearance than the 
rest of the protoplasm. This body is the nucleus. A nucleus 
is certainly present in all living cells of the higher plants, 
and also in the great majority of those of the lower plants. 



Fig. 14. — Young cells at various stages of growth. A, Very 
early stage ; the cell-walls are quite thin, and the proto- 
plasm almost fills the cell. B, Rather older cell, cell-wall 
thicker, and vacuoles more numerous. C, Older still ; 
the greater part of the cavity now forms a large vacuole. 

nucleus ; v, vacuoles. (After Van Tieghem.) Magnified 
several hundred times. 

In very young cells it is of relatively large size, and its 
diameter may be more than half that of the entire cell. Its 
complicated structure cannot be fully described here, but 
it may be mentioned that in many cases the apparent 
granules are found, under a sufficiently high power of the 
microscope, to represent extremely minute threads or fibrils. 
The nucleus also contains one or more comparatively large 
rounded masses distinct from the fibrils, and called the 
■nucleoli (see Fig. fy)* The nucleus has a definite membrane. 
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The. substance of the nucleus' consists of .various che.mical 
bodies which are similar to, but not altogether identical 
with, those of which the rest of the protoplasm is built up ; 
a complex compound containing phosphorus is constantly 
present in the nucleus. The protoplasm excluding the 
nucleus is called cytoplasm.. 

Most cells contain only one nucleus, but in very long cells 
a number of nuclei are often found. 

The cytoplasm, nucleus, and cell-wall are the most 
constant constituents of a vegetable cell. The cytoplasm, 
as we have seen, is absolutely constant in all living cells 
without exception ; the nucleus is equally general in the 
higher plants, though in some of the lower ones its presence 
has not been proved ; the cell-wall is formed sooner or later 
in all cells of the higher plants, but is very frequently 
absent, at any rate for long periods, from certain cells of the 
simpler plants.^ 

If we examine rather older cells, such as those which we 
find at a little distance below the growing-point, we shall 
see that the whole cel! is larger, and that its cavity is no 
longer so nearly filled by the cytoplasm (Fig. 14, jB). Clear 
spaces, which had already appeared in the cytoplasm at an 
earlier stage in the figures), have now. increased in number ; 
they . are filled with water containing various organic and 
inorganic substances (salts, sugars,- acids, etc.) in solution, 
and called the ceiPsap, The spaces filled with cell-sap are 
known as the vacuoles, because they look as if they were 
empty. 

' The nucleus increases" little in size, and now bears a much 
smaller ' proportion to the whole cell than it did at first. 
The cell-wall will have become somewhat thicker (see Fig. 

an.d-C).' . 

A full-grown but still living cell, such as we might find 
in the older parts of the Wallflower, has its cytoplasm 
^ See Part IL, Flowedess Plants, 
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reduced to a thin layer, lining the inside of the wall. The 
whole interior of the cell appears empty — that is, it is occu- 
pied by one large vacuole containing cell-sap. This has 
been formed by the smaller vacuoles running together. The 
layer of cytoplasm lining the cell-w^all is often called the 
prmordial ntricle. The nucleus has undergone little change, 
but is now placed close against the wall, embedded in the 
cytoplasmic layer which lines it. The cell- wall itself has 
been further thickened by the deposit of new cellulose from 
the cytoplasm. 

This is the structure of most mature living cells of plants. 
The protoplasm does not keep pace with the growth of the 
whole cell ; it may even actually diminish in amount, owing 
to its being used up to make new cell-wall and for other 
purposes, quicker than it is renewed by taking in food. 
Some ceils lose their protoplasm altogether ; then they are 
dead, and incapable of any further growth, though they 
may still be of use to the plant as passages for sap or as a 
mechanical support. We shall find plenty of examples of 
altered cells of this kind in various organs of such plants 
as the Walltluwer, more especially in the wood. 

b. Special Gotitents of Cells 

Many other structures are found in cells besides cyto- 
plasm, nucleus, and cell-wall. Some of these we will not 
trouble about until we come to them in describing the 
iiUernal structure of our types. One or two, howwer, are 
so important that they must be mentioned at once. 

a, Chlorophyll-Granules or Chlaroplasts 

If we examine, under the microscope, a living cell from 
the green succulent parts of the leaf or stem, we shall find, 
embedded in the cytoplasm, a number of round bodies of 
a bright green colour (see* Figs, 19 and 26). If a leaf is 
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killed by immersion in boiling water and then transferred 
to alcohol, we shall find that it becomes colourless, the 
colduring matter having been dissolved by the alcohol, 
which becomes of a dark green tint in consequence. The 
round bodies themselves remain, however, unaltered in 
size and shape, though now colourless. The green colour- 
ing, matter is chlorophyll^ the 'round granules which contain 
it are the chlorophyll-granules or chloroplasis. '.Cytoplasmic 
granules of this kind are called plastids. The solution 
obtained by extracting a 'g.reen leaf ' with ' alcohol contains 
actually a number of distinct pigments the exact chemical 
composition of which is known. Two of these pigments are 
green {chlorophyll a and chlorophyll /;), and two are yellow 
{xanlhophyll and carotin). Carbon assimilation (photo- 
synthesis) cannot take place without the green pigments. 
It will be convenient in this book, however, to use the term 
chlorophyll to denote all these pigments collectively. The 
chlorophyll-granules consist of cytoplasm, rather denser 
and firmer than the ordinary cytoplasm of the cell, and 
saturated by the green colouring matter. All green parts 
of plants owe their cohjur to the presence of chloroplasts in 
their cells. 

AVe have said aliove that one of the two main functions 
of tile shoot is to take up food from the air. The great food- 
substance whicli green plants obtain from the air is carbon. 
About half the solid sulxstance of plants consists of this 
element, whicli enters into all the chemical compounds of 
which living things are built up. The whole of this carbon 
is obtained by ordinary green plants from the carbon dioxide 
(C(3.>) which is contained in small quantities in the air. In 
ordinary air the amount of this gas is equal to about three 
parts in ten thousand. The carbon dioxide is decomposed, 
the oxygen given off again, and the carbon retained, to 
help in forming the various organic substances of the plant. 
Mow this decomposition of carbon dioxide is entirely per- 
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formed by the chlorophyll-granules, and they can only do 
this work under the influence of light. We see, then, that 
the chlorophyll-granules are of the greatest possible import- 
ance to the plant, for they are the organs by which alone, 
with the help of the sun’s rays, it can obtain its carbonaceous 
food from the air. Both parts of the granule are necessary 
for the process ; the chlorophyll itself is useless without the 
cytoplasm of the granule, and the cytoplasm is quite unable 
to do the work unless it contains chlorophyll. The process 
of nutrition just described is known as assimilation^ or, more 
accurately, as carbon-assimilation or photosynthesis, for 
assimilation is sometimes used in a wider sense. To this 
process the formation of nearly all naturally occurring 
organic substances is ultimately due, and carbon-assimilation 
by green plants may thus be fairly regarded as the most 
fundamentally important of all physiological processes. 
The assimilation of carbon is not really so simple a matter 
as might appear from the rough sketch just given ; w^e shall 
return to the subject later on, when we come to the special 
consideration of physiological questions (see Chapter III.). 

Starch Granules 

Another important body very generally, though not 
always, found in the cell-contents is starch. Starch contains 
the three elements, carbon, hydrogen, and oxygen in the 
proportion but the molecular weight is much 

larger than is indicated by this empirical formula. It 
occurs in the form of granules, which are easily identified 
under the microscope on treating with iodine, w^hich gives 
them a deep blue colour. The larger granules show stratifica- 
tion (see Fig. A and C) — that is to say, the substance of 
the granule is made up of a number of successive layers, 
which have been deposited one after the other, so that the 
innermost layers are the oldest and the outermost the 
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youngest. The oldest part of the granule round which all 
the layers have been formed is called the hilum. It does not 
necessarily lie at the centre, for sometimes the layers are 
deposited very unequally, so that in an old granule the hilum 
is in a very eccentric position. This is always the case in 
potato starch. 

In a green plant starch is formed in two quite 
different ways. First it is formed in the chlorophyll- 
granules under the influence of sunlight. It is easy 
to demonstrate the presence of small starch granules 
in the chloroplasts of a 
Wallflower leaf, after ex- 
posure to light. These 
starch granules are the pro- 
duct of carbon assimilation 
— that is to say, they are 
formed by the chloroplasts 
in sunlight as the result, 
though not the direct result, 
of the decomposition of 
carbon dioxide and water, 
and the rearrangement of 
their elements. 

But starch is also 



Fig. 15.- — Starch granules, and leuco- 
plastids. From an orchid (Phajus), 
Ay Large granule, showing stratifi- 
cation ; ly the leucopiastid ; c, pro- 
tein crystalloid ; the hilurn is at 
the opposite side of the granule, 
near the letter A, By Very young 
granule, still much smaller than the 
leucoplast. C, Intermediate stage. 
(After Stnisburger.) Magnified 
540 times. 


formed in the deep-seated 

tissues of the stem and the root, i,e. in parts which 
receive little or no light, and in which there is no chloro- 
phyll, This starch cannot be the product of assimilation, 
for it is formed under conditions which render assimila- 
tion /impossible. 

What happens is this : the starch formed in the 
chlorophyll-granules is converted into sugar, and in 
this soluble form passes down into the stem and 
root. When it has reached the cells in which starch 
is to be deposited, the sugar is taken up by certain 
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cytoplasmic bodies, which are essentially similar to chloro- 
plasts without the chlorophyll. These cytoplasmic bodies 
{c-dlhd leiicoplasts)^ use up the sugar to re-form starch 
granules (see Fig. 15, /). 

It is evident that the function of the leucoplasts is de- 
pendent on that of the chloroplasts, for unless the latter 
carried on the work of assimilation there would be no 
supplies of sugar available for the use of the leucoplasts. 
Starch is a very important reserve food-substance; and is 
very commonly found stored up in seeds, tubers, and fleshy 
roots, and, in fact, in organs of almost every kind. It is 
especially important inasmuch as it affords the material for 
new cell-wulls, but it is used in many other ways also. 
Starch belongs to the great group of organic bodies called 
carbohydrates, which all consist of the three elements, carbon, 
hydrogen, and oxygen, the two latter elements being present 
m the same proportion as in water, HgO. Sometimes we 
find carbohydrates stored up in the form of some kind of 
sugar, as in many fruits and in Beetroot. These and some 
other forms of reserve carbohydrates are always dissolved in 
the cell-sap. 

7. Oil 

In many plants we find that the place of carbohydrates is 
taken by various kinds of oil. Oils are especially common as 
reserve food-substances in seeds, e,g. Castor-oil seed, Hemp- 
seed, Linseed, etc. Oil contains the same elements (C, H, O) 
as carbohydrates, but in different proportions, the proportion 
of oxygen being very much less. . The oil occurs in the form 
of small drops embedded in the cytoplasm. 

^ 'The word plastiit is a general term, including leutoplasts, chlorophyll- 
granules, or chloroplasts, and also cytoplasmic bodies which contain otijcr 
colouring matters (vhromoptasts), I'he three kinds of phistids are con- 
vertible into one another ; they usually arise by the division of pre- 
existing plastids. . , ' , ' • 
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S. Protein Granules 

rhese form a very important part of the contents of 
certain cells, especially in seeds and other organs in which 
food is stored up for the use of the pkiit. They are chemi- 
cally similar to the substances of which the protoplasm is 
composed, but are themselves lifeless, and serve simply as 
food. An example is shown in Fig, i6, which represents the 
complex protein granules 
(aleurone-grains) of the 
Castor-oil seed. 


O/.JOll--::;. 




Fig, 1 6. — A, Cell from the endosperm 
df the Castor-oil seed, examined in 
water ; note the large protein gran- 
ules, each of which contains one or 
more crystalloids (ch also composed 
of protein, and globoid (g), of calcium- 
magnesium phosphate. Isolated 
granules, examined in olive-oil. (After 
Strasburger.) Magnified 540 times. 


c. Cell- Formation 
Cells increase in num- 
ber entirely by division. 

Every cell which exists 
owes its origin to the 
division into two or more 
parts of some cell which 
existed; before , it. ' ■' ■ , At 
present we will only de- 
scribe the kind of cell- 
formation which goes on 
in the vegetative parts of plants such as the Wallflower, 
and indeed in all plants except the lowest. Wherever new 
organs are in course of development we find cell-division 
going on, as, for example, at all growing-points whether of 
stem or root. We will suppose that the cell which is about 
to divide has a single nucleus to start with, as is generally 
the case. The first obvious changes which take place are in 
the nucleus. The changes gone through are of a very 
complicated character, but their ultimate effect is that the 
nucleus becomes divided into two exactly equal and similar 
parts, the daughter- nuclei. So precise is the accuracy of 
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the division, that every single minute fibril (or chromosome) 
of which the framework of the parent nucleus consists is 
split lengthways into two identical halves, one of which goes 
to each of the daughter-nuclei. The latter remain for a time 
connected by delicate threads of cytoplasm.^ The new cell- 
wall is formed at right angles to these threads and midway 
between the two daughter-nuclei. It is formed by the 
protoplasm itself. Generally the new cell- wall does not 
stretch all the way across the cell, but has to be completed 



Fig. 17.—- Dividing cells from the young seed of Fritillana. 

The two daughter-nuclei have been formed, but the 
new cell-wall between them does not yet reach across the 
cell. B, Later stage ; the new cell-wall now completely 
divides the mother-cell into two parts. (After Strasburger.) 
Magnified 240 times. 


at the sides later on (see Fig. 17). The nucleoli disappear 
during the division, and their substance passes out into the 
cytoplasm. New nucleoli make their appearance in each of 
the daughter-nuclei, which soon assume the size and 
structure of the nucleus before division. We see, then, 
that the essential points in vegetative cell-formation are the 
division of the nucleus into two exactly similar halves, and 
the formation of a cell-wall between them, separating the 
cytoplasm of the cell into two distinct parts. 

^ The details ol nuclear division (ndtosls), a subject of the highest 
possible importance, must be studied in more advanced text-books. 


d. Continuity of the Protojplasm 

We have hitherto been considering the structure of the 
individual cells of which a plant is built up ; it has been 
shown, however, that in all vegetable tissues the protoplasm 
of each cell is in communication with that of its neighbours 
by means of excessively fine cytoplasmic strands, which 
extend through the cell-wall from one cell to another. The 



Fig. 18.^ — Cells from the endosperm of the seed of a Palm {Ben- 
tinckia)^ showing the fine strands of cytoplasm connecting 
the cells. Some (tv) pass through the full thickness of the 
wall, others (p) through the thin places or pits. (After 
Gardiner.) Magnified 550. 

perforations through which the connecting cytoplasmic 
strands pass are extremely minute, but are often very 
numerous (see Fig. 18). The importance of the discovery 
lies in the fact that we now know that the living matter in 
the plant is continuous, and not absolutely severed into 
isolated portions by dead cell-wall. The plant, in fact, is, 
as a whole, a living protoplasmic body, supported, but not 
interrupted, by the skeleton of cel^walls. 
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e. Pi'otoplasmic Movements 

A good example of protoplasmic movement is aftorded by 
the cells of the leaf of the American Waterweed (Elodea 
canademis), a transatlantic alien, which is commonly found 
in our slow-moving waterways. In order to see the move- 
ments of the protoplasm, a young leaf is removed from the 
stem and examined in water under the microscope. ■ The 
movements may not begin at once ; in cold weather they 
are especially sluggish, but can be hurried on by gently 
warming the slide with the leaf upon it over hot water. 

The blade of the leaf is only two cells thick, except at the 
midrib, where it is thicker. The cells of the midrib are 
long and narrow, those of the rest of the blade are shorter 
and broader. The movement generally begins first m the 
long narrow cells. 

Each cell has a fairly thick layer of cytoplasm {primordial 
utricle) lining its cell- wall, and in this cytoplasm numerous 
large chlorophyll-granules are embedded (see Fig. 19). The 
nucleus is very transparent, and hard to see. (It is shown 
dark in Fig. 19.) The cytoplasm flows in a continuous stream 
round and round the cell, carrying the chlorophyll-granules 
with it. Owing to the presence of these granules, the move- 
ment is very easy to follow. If we fix our eye on one of the 
granules which is being swept along by the cytoplasmic 
stream, we shall see it travel steadily along one of the side- 
walls until it reaches a corner of the cell. Here there may 
be a momentary hesitation, for at these points the current 
is often choked by the accumulation of chlorophyll-granules. 
Soon, however, the movement goes on again ; the granule is 
carried along the short end- wall of the cell, the next corner 
is reached and turned, and the journey continued along the 
other side-wall, and so on until the circuit is complete. The 
revolving cytoplasm here forms one single stream, which 
flows round the whole cell,. The current, as we have seen, 
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follows the lateral and terminal walls of the cell. What, 
then, is the behaviour of that part of the cytoplasm which 
is in contact with the other two walls, those, namely, which 
form as it were the roof and floor of the cell ? This cyto^ 
plasm also takcvS part in the general movement of rotation, 



ly. — A fc\v ct*11s from the leaf of the American Water weed. 
a, h, (\ df i\ nuclei of the \’arious cells ; /, a strand of cyti>- 
plasni crossini 4 the cell -cavity ; h, chlorophyll- 
granules, some of which are dividing* The small bodies 
inside the chlorophyll-granules are starch. (After Kny.) 
Alagniiied several hundred times. The narrow cell, to the 
left, would show rt^lathn ; the broader cells, to the right, 
t'iri'uhition. 

and revolves in the same direction as the rest, hut it has a 
shorter distance to cover, and the nearer we approach to the 
middle of the top and bottom walls, the shorter is the circuit, 
and conse(|uently the slower is the speed. Now, just in the 
middle of each of these two walls there is a band of cytoplasm 
wiiich does not move at all, but forms a quiet eddy in the 
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Stream. This still part is called the indijferent bandy and it 
is always present where rotation of the cytoplasm goes on. 

But even in the other parts of the cell it is not really the 
whole cytoplasm which rotates. The ectoplasm — that is, 
the thin outer layer in immediate contact with the cell-wall 
— remains stationary, while the revolving endoplasm (con- 
taining the chlorophyll-granules) travels over its inner 
surface. 

This will serve to represent an important type of proto- 
plasmic movement— that of 

Another form of movement may often be observed in 
the broader cells of the lamina of the Elodea\t2d (see Fig. 19). 
Here the vacuole of the cell is traversed by strands of cyto- 
plasm, most of which are attached to the nucleus, which is 
suspended near the middle of the cell. In these cells the 
cytoplasm is in active movement in all directions. The 
strands crossing the cell show active currents by which 
chlorophyll-granules are often swept along. In the thicker 
strands there may be two opposite currents flowing simul- 
taneously. The inner layer of the cytoplasm lining the cell- 
wall is also in movement, but not as in the first case all in 
one direction, for here there are varying streams running in 
different directions in^different parts of the layer. Neither 
the arrangement nor the direction of movement of the 
protoplasm is constant. Sometimes a cytoplasmic strand 
is snapped in two, and both halves drawn back into the 
main mass. Sometimes a new strand is put out, which ex- 
tends itself across the vacuole and joins on to the cyto- 
plasm on the opposite side. Moreover, in any part of the 
cytoplasm the movement may stop altogether for a time, 
and then start again, perhaps in the opposite direction to 
that which it pursued at first. 

Cytoplasmic movement such as this, in which numerous 
distinct and varying currents are flowing at the same time 
in the same cell, is called circulaimu In Elodea circulation 
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tends to pass over into rotation ; all the cytoplasmic 
strands become withdrawn into the primordial utricle, 
which then settles down into a simple movement of re- 
volution. In circulation as in rotation the ectoplasm 
remains at rest. ■, 

In one form or other it is probable that the protoplasm in 
every active cell is in movement, and this power of spon- 
taneous motion is the constant characteristic of all living 
matter. But it is often difficult to examine a cell under 
sufficiently natural conditions for its protoplasmic move- 
ments to be observed. When we come to consider the 
simpler plants, we shall meet with several other kinds of 
movement executed by the protoplasm. 

B. The Tissues 

We have now^ been able to form some idea of the essential 
points in the structure of a living plant cell. Of such cells 
and their modifications all plants consist, if we except some 
of the lower plants with which we are not concerned at 
present. We shall find, however, that the modifications 
undergone by many of the cells, of which the higher 
plants are built up, involve very considerable changes of 
structure. 

The ditferent kinds of cells are not distributed uniformly 
all through the substance of a plant. They have a definite 
arrangement, and the various kinds of cells are associated 
together so as to form more or less sharply defined layers 
or strands. Such an association of similar cells is termed a 
{issue. Certain kinds of tissue, again, are generally associated 
together, and such a combination of tissues is called a tissue^- 
system. 

We are now in a position to undertake the study of the 
internal structure of the Wallflower, We will begin with 
the stem, and will make ourselves acquainted with the tissues 
of which it is composed. 
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•a. Structure of the Stem 

The stem of the Wallflower is traversed lengthways by 
a nuinber of strands of rather tough, stringy tissue. It is 
p(jssib!e to dissect away the soft substance in which they 
are embedded, and so lay bare the strands themselves. If 
a stem be allowed to rot, it is this stringy part which will 
longest resist decay. Most people will have noticed at some 
time or other an old rotten cabbage stalk, in which all the 
soft parts have perished and only a network of hard, woody, 
.interlacing strings is left behind. These strands are the 
vascular kindles. They constitute one of the systems of 
tissue of which the higher plants are composed. Their 
great function is to serve as conducting channels through 
which water and the various food-materials pass. In most 
cases they are also of importance as forming a supporting 
skeleton for the plant. 

In the Wallflower the tissue of the young stem, with the 
exception of the vascular bundles, is soft and succulent. 
A part of the soft tissue lies to the inside of the vascular 
bundles, and between them ; the remainder is situated to 
the outside of the bundles. The bundles collectively, 
together with all the tissue that lies between and within 
them, form the central cylinder or stele ; the tissue lying to 
the outside of the vascular bundles is called the cortex. The 
surface of the stem is covered by a definite skin, w^hich w'e 
can easily strip off with the aid of a pair of forceps. We find 
that it is a very thin, colourless membrane, wliich, in spite 
of its delicacy, is fairly tough and elastic. This skin, the 
epidermis., is only found intact on the }^ounger parts of the 
stem. The older portions are covered by a much thicker 
and harder skin, the bark ; all the external protective ” 
tissues are called by the general name of dermal tissue, 
which thus includes both epidermis and bark. 

We will now examine, with the help of the microscope, a 
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transverse section cut through the stem of the Wallflower 
(sec Fig. 20). This shows us the cut ends of the vascular 
bundles, and we see that they are arranged in a ring. The 
space inside the ring of bundles is occupied by a large-celled 
tissue, the pith or medulla. A similar tissue extends between 



Fu,'. 20. - ” 'Franks verse section through the second internode of 
the stern of a seedling Wallflower, with seven vascular 
bundles. L/>, epiilennis ; //, hair ; >v, stoma ; CV;, cortex ; 
c«,endoderrnis, or intierniost layer of cortex ; pc^ pericycle, 

<jr outermost layer of cylinder ; p/i, plilomi of a \ascular 
bundle ; a % x>'lem of vascular bundle ; r. cambium ; if, 
medullary ray, or interfascicular tissue ; p, pith. Alagni- 
tied 55, (H. S‘) , , 

the bundles as far as the cortex which surrounds them. 
These bands of interfascicular tissue (2/ in Fig. 20) are called 
fuedullary rays. Vascular bundles, medullary rays, and 
pith collectively form the central cylinder or stele. This is 
surrounded on the outside by the large-celled cortex, many 
cells in width (Co), and this again by the single layer of 
epidermis {Ep), 
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a. The Vascular Bundles 

We will BOW consider the vascular bundles more in 
detail, and first we will determine their as traced 

longitudinally. Each bundle runs out into a leaf. This 
fact is most easily proved by tracing the course of the five 
largest bundles, which correspond in position to the five 
projecting ridges seen on the surface of the stem. It is most 
convenient to follow the bundle from above downwards. 
It enters the stem from the midrib of the leaf, runs inwards 
for a short distance, and then turns straight downwards, 
continuing its descending course in the stem through five 
internodes. It then reaches the leaf vertically below that 
from which it started, and joins on to its bundle. Besides 
the principal bundle, two smaller lateral bundles enter the 
stem from each leaf, and these behave in the same way. 
Hence in any transverse section of the stem we cut through 
about fifteen bundles, five principal strands, each repre- 
senting the middle bundle of a leaf, and ten smaller strands, 
forming the continuation of the lateral leaf-bundles. The 
number is not always exact, for the smaller bundles may 
branch or unite together on their downward course. It is 
quite easy to understand the arrangement if we bear in 
mind that each ridge on the outside of the stem corresponds 
to a principal bundle, which is accompanied by its two 
smaller side bundles. At the nodes, i.e, at the insertion of 
each leaf, the various bundles are connected together by 
cross branches. 

The description given applies, with slight variations in 
detail, to the whole stem of the Wallflow^er, with the excep- 
tion of the first few internodes of the seedling. These have 
a simpler arrangement of the leaves, and consequently a 
smaller number of bundles. The section (Fig. 20) is taken 
from one of these first-formed and simpler internodes. 

Vascular bundles of this kind, which are continuous from 
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the stem into the leaf, are called common bundles, because 
they are common to both organs. That part of a common 
bundle which passes through the stem is called a leaf-trace, 
because its position is dependent on that of the leaf with 
which it is connected. We see, then, that the whole bundle- 



Fic. 21 . —Transverse section through a vascular bundle of a 
young stem ol’ Wallflower, emiodermis, c()ntaining 
starch granules ; pr, pcricycle ; J?//, phloem ; c, cambium ; 

;v, xylem or wood ; p.v, protoxylem, or first-formed wood. 
Portuios of pith, interfascicular tissue, and cortex are also 
shown. Magnified about 210. (R. S.) 

system of the vStem is built up of these leaf-trace bundles, 
the upper ends of which run out into the leaves themselves. 
As the various bundles are united to one another at the nodes, 
it is equally easy for the water and food-substances which 
they conduct to pass out into one of the leaves or to continue 
their course straight up the stem, while, on the other hand, 
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those food-substances which are formed in the leaves have 
ready access through the stem-bundles to all parts of the 
plant. In fact, the arrangement of the bundles is adapted 
to facilitate communication in every direction between leaf 
and stem. I'he connection with the root will be described 
later on {p. 67). 



Fic. 22. “ -Radial ioiigitudinal section passing through a vascular 
huncne from a young stem of Wallflower. endodermis, 
containing starch ; pc^ pericycle ; ph^ phloem ; c, cam- 
bium ; vv, xylem ; px\\ protoxylem ; p, pith. Somewhat 
diagnimmatic. Magnified 220. (R. S.) 

Wiierc an axillary branch is given off, its leaf-trace 
bundles are continuous with those of the main stem. 

Having described the longitudinal course of the vascular 
bundles, we have next to examine their internal structure. 
We will fix our attention on a single leaf-trace bundle, such 
as that which is shown in transverse section in Fig. 21. 

The bundle is made up of twt> quite different kinds of 
tissue, llie inner half of the bundle — that, namely, which 
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is turned towards the centre of the stem— consists chierly 
of rather large cells, the walls of which are somewhat 
thickened, and are hard and woody. Many of these cells 
are devoid of living contents, containing water only. I'his 
inner half of the bundle is the xylem or wood {x in Figs, 20 
■and'2'i),'' ■ 

d'he outer part of the bundle, lying towards the cortex, 
consists of much smaller cells, with thin walls of pure 
cellulose, and with abundant protoplasmic contents. This 
part of the bundle is called tho phloem or bast {ph in Figs. 
20 and 21). 

Between xylem and phloem is a band of very regular 
cells, which appear oblong in transverse section, and have 
very thin 'walls, showing that active division is going on (see 
Fig. 21, c). This layer is tht cambium^ which in plants of 
the Class to which the Wallflower belongs is constantly 
undergoing cell-division, and adding new cells to the xylem 
internally, and to the phlochn externally (see pp. 52 and 76). 

The xylem in the Wallflower consists of three kinds of 
elements, which are best studied in longitudinal section 
(see Fig. 22). 

llie Xylem or Wood 
I . The Vessels'- ■ 

d'hese are long, continuous tubes, which extend through 
the plant for considerable distances without any interrup- 
tion. When mature, they appear .empty, containing no 
protoplasm, but only water and air. The vessels have \ ery 
peculiar markings on their walls, which are due to their being 
unequally thickened, some parts of the wall growing much 
in thickness, while other parts remain quite thin. In the 
vessels nearest the pith the thickening generally takes thi‘ 
form of a spiral thread, which winds along the inside of the 
wall, llie parts of the wall betw^een the coils of the spiral 
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are quite thin. The structure of one of these spiral vessels 
is exactly like that of an indiarubber hose with a stiff spiral 
wire coiled inside it to prevent its collapsing. In the 
innermost vessels the spiral is always loosely coiled. This 
is because the innermost vessels are the first to be formed, 
and their walls become thickened before the tissues have 
stopped growing in length, so that as growth goes on the 
spiral gets drawn out. 

Sometimes, instead of the continuous spiral thread, we 
find isolated transverse rings round the vessel, which is then 
called annular. This form also admits of subsequent growth 
in length, for as the vessel becomes longer the rings become 
pulled farther apart. This form is not so very common in 
the Wallflower, These innermost vessels constitute the 
protoxylem^ so called because this part of the wood is 
differentiated first, and is therefore the oldest (see Fig. 22, 
pxy). As the protoxylem is the innermost part of the xylem 
it is said to be 

The vessels a little farther towards the outside are still 
spirally thickened, but here the coils of the spiral are closer 
)gether, for the thickening has been developed a little later, 
nd so has not got so much pulled out by subsequent 
growth. 

Next we come to vessels in which the thickening on the 
walls forms a network {reticulated vessels), the meshes of 
which are occupied by a thin membrane. This form is not 
capable of longitudinal extension, and is only differentiated 
after growth of the stem in length is complete. 

Lastly, in the outer and later-formed parts of the xylem, 
we find vessels in which the wall generally is thickened, but 
a number of little oval spaces are left thin. These vessels 
are said to be pitted, the thin parts of the wall being the pits. 
The pits serve for the passage of liquids from one vessel 
to another ; the various kinds of thickening have the object 
of stiffeAing the vessel and enabling it to resist pressure. 
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We have seen that the vessels are open, contiiiuous tubes. 
They are therefore quite different from ordinary cells such 
as we described above, A vessel is not a single cell, but 
it is formed from a number of cells. Each vessel consisted 
at first of a whole row of superposed cells, each with its own 
cytoplasm and nucleus. Then the cross walls separating 
these cells from one another were dissolved away, and so 
the whole row came to form one open passage. The cross 
walls, however, do not disappear entirely. A ring is left 
at the edge, and in the Wallflower we can easily see these 
rings, even in the mature vessels, marking the limits between 
the original cells which have fused to form a vessel (see 
Fig* Sbj p- 8i). These rings are found in all vessels, and 
must not be confused with the rings of thickening, which 
are found in the annular vessels of the protoxylem only. 

We have already seen that the cell- wall is formed by the 
protoplasm. Where, as in vessels, certain parts of the cell- 
wall are specially thickened, these thickening masses also 
are deposited by the protoplasm, which at last becomes 
entirely used up in the process. Thus the vessels when 
fully formed are dead structures ; they contain no living 
matter, and are incapable of further growth. They serve 
simply as open channels through which the sap or transpira- 
tion stream can pass, 

2 . The Fibrous Cells 

The xylem of the Wallflower also contains fibrous cells, 
which are scattered about among the vessels, and are more 
common in the later-formed parts of the wood. They are 
very long, thick-walled cells, with sharply pointed ends. 
The wall is thickened almost all over, but there are a few 
small narrow pits where the wall is left thin. These cells, 
unlike the vessels, keep their living contents for some time, 
and do not fuse with one another. The chief function of 
the fibrous cells is a mechanical one ; they serve to give 
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rigidity to the stem. At the same time their protoplasni 
retains its activity, and consequently these cells are able to 
form and store up starch for future use. Tissue composed 
of cells of this shape, with long pointed ends overlapping 
one another, is called prosefichyma, and is commonly found 
where mechanical strength is required (see Fig. 36). 

3. llie Xylem'Parenchyma 

Besides the vessels and fibrous cells, the xylem also 
contains cells with square ends. They are of considerable 
length, though very much shorter than the fibrous cells, and 
have rather thick walls with small pits. 'Fhey always contain 
cytoplasm and a nucleus, and often starch granules as well, 
and form the chief tissue in the xylem in which starch is 
stored up. They do not undergo fusion. I'hese square- 
ended cells constitute the woody or xylem parenchyma, the 
word parenchyma being used for any cellular tissue with 
cells of a rounded, square, or oblong form. Cells of this 
kind are always found in contact with the vessels (see Fig. 
3f>;) 

The woody character of the cell-walls of the xylem is due 
to the presence of a substance called lignin, a chemical 
modification of cellulose, which greatly alters its properties. 
Lignified cell-walls are much harder and stiffer than those 
of pure cellulose. Such walls are characteristic of the xylem, 
which is often a supporting as well as a conducting tissue, 
and then forms part of the skeleton of the plant. But we 
may find cells with thick, lignified walls outside the vascular 
bundle altogether, or in its phloem portion, though this is 
not the case in the Wallflow^er. The xylem, therefore, does 
not of necessity form the w^hole skeleton of the plant, and 
in some cases is a conducting tissue only. 

In the vessels of the xylem the hard.^ thick, lignified, 
stiffening bands have a special function, for the water in the 
cavities of the vessels is often under considerable tension, 
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which tends to pull in the walls. Vessels in this state would 
very readily yield to the pressure of the surrounding tissues, 
and so collapse, if their walls were not specially strengthened. 

It will have been noted that the primary xylem of a 
vascular bundle differentiates centrifugally, f.e. outwards 
from the protoxylem. Thus the thick-walled vessels, which 
form one of the main supporting elements of the young stem, 
develop towards the periphery of the stem. This is in agree- 
ineiit with a well-known mechanical principle that in erect 
columns, as e.g. the stem of a wallflower, which have to 
withstand the lateral stress of the wind, it is best to con- 
centrate the greatest strength towards the periphery of the 
column. 

The Phloem or Bast 

In the Wallflower the phloem consists entirely of cells 
with soft walls of pure cellulose. The most important cells 
are of three kinds (see Fig. 23). 

I. The Sieve-Tubes 

These, like the xylem vessels, are made up of long cells 
arranged end to end. There are, however, important 
differences between sieve-tubes and vessels. In the sieve- 
tubes the living contents persist for some time. Each cell 
has its nucleus, Cytoplasm, and vacuole. Also the end- 
walls are not dissolved away but are perforate instead with 
a number of small pores. Thus, in transverse section the 
end-walls appear like small sieves (Fig. 23, A). In longi- 
tudinal section the pores are seen as fine channels iii the 
wall. These pores are filled with cytoplasm, continuous 
with the cytoplasm lining the walls of the sieve-tubes. 
The vacuole is usually rich in sugars and nitrogenous 
compounds. All young and active sieve-tubes have a 
nucleus, but it is absent from old cells in which the proto- 
plasm breaks down into a slimy mass. Where sieve-tubes 
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are in contact with each other side by side, their lateral walls 
are also perforated, not all over, but in certain parts. Through 
the perforations, whether of the transverse or of the longi- 
tudinal walls, the contents of the sieve-tubes are continuous. 
We must remember that this perforation of the cell-walls 
and open communication between the cytoplasm of neigh- 
bouring cells is not peculiar to Sieve-tubes. We have 
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Fig. 23. — Sieve-tubes and companion-cells from the phloem of 
the Pumpkin (Cucurbita), Ay Transverse section, show- 
ing sieve-plate and companion- cell, B, Longitudinal 
section, showing a sieve-plate in sectional view; pry prim- 
ordial utricle of sieve-tube ; «, its contracted contents ; 
c;, companion-cells. C, Longitudinaf section, showing 
sieve-plates covered by callus c and Ci. Z>, Contents of 
sieve-tube after the cell- wall has been dissolved away with 
sulphuric acid. (After Strasburger.) Magnified about 400. 

already learnt that living cells generally have their protoplasm 
continuous through minute perforations in their walls. 
The perforations in the sieve-tubes, however, are often 
much larger than those of ordinary cells, and continuity of 
the protoplasm was recognised in them long before it was 
even suspected to exist between other living cells. That 
part of the cell-wall of the sieve-tube which is perforated is 
called the sieve^-plute. The .sieve-plate and its pores may 
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the winter, with a substance 
(distinct from celtolose) called coffe, which may accumulate 
,0 such an extent in old sieve-mbe, as completely to close 

the plate (Fig. 23, C). ^ ^ 

2. The Companion-Cells 

Fhe sieve tul^s ate accompanied by narrow, longish 

cells each of which is densely filled with cytoplasm, and 
OTn ains a arge nuc eus, which is permanently retained. 

1 hese cells are called the companion-cells. In a transverse 
section the companion-cells look as if they had been cut off 
from the corners of the sieve-tubes, and that is how they 
rea ^ sieve-tube and companion-cell are 

mother-cell (see Fig. 23, 

^ ^^*^panion-cells are in cytoplasmic 

communication with the sieve-tubes by fine pores. 

3 * ^ P^^lo^iti-Parenchyma 

I’he rest^of the phloem is made up of rather large parenchy. 
ma ous ce s, w ic have the typical structure of living 
cells, each contammg a layer of cytoplasm lining the wall 

^ tissue undergoes no special 

motoion, and ,s calW simply pUci„ pienchyma. 

I ht cells at the extreme outer edge of the phlo. em are 

protophloem. Unfortunately, the phloem of the Wallflower 

' u ''I for showing the minute structure, as 

all the cells are very small in this part. It has therefore 
been necessary to introduce Fig. 23, taken from another 
plant (the Pumpkin). _ The phlogm, like the xylem, is 
par y a con uctmg tissue; its special function is the 
ranspor o sugars, nitrogenous compounds, and other 
mamnals from the leaves (or storage organs) to pans where 

transport by the phloem involves 
e > o Its mng cells and takes place much more 
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rapidly than diffusion through dead tissues. The channels 
of this rapid transport are the sieve-tubes. 

Between xylem and phloem there are some layers of cells 
which do not as yet show the characters of either tissue. 
On the inner side these layers pass over gradually into 
xylem, and on the outer side into phloem. The layer in 
the middle is itself constantly dividing, except in winter, and 
thus contributes new elements to xylem and phloem respec- 
tively. The thinnest walls indicate the most recent divisions 
(see Fig. 21). The divisions take place chiefly in the tangential 
direction — that is to say, in the direction of the line separating 
xylem from phloem, which is parallel to a line tangential to 
the surface of the stem at a point opposite the bundle. As 
already mentioned, it is characteristic of the class to which 
the Wallflower belongs to have this actively dividing layer of 
cambium between the xylem and phloem. Vascular bundles 
which have a cambium are known as bundles, because 
there is no definite limit to their growth in thickness, the 
formation of new xylem and phloem from the permanently 
active cambium going on as long as the plant lives. We 
shall, however, understand the nature of the cambium better 
after we have considered the development of tissues in the 
growing points, 

fS. Other 7 issues of the Central Cylinder 

The central cylinder or stele consists of the vascular 
bundles and of parenchyma, which is called conjunctive 
tissue because it unites the bundles together. That part of 
the conjunctive tissue which lies inside the ring of bundles, 
and is called the pith, is of .very simple structure. It is 
made up of large, rather ' elongated, square-ended cells 
(Fig, 22, p), which retain their living contents, and usually 
form starch granules. The interfascicular tissue, constituting 
the medullary rays, is similar to the pith, but its cells are. 
smaller. It is important, because its cells divide up to form 
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the interfascicular camhitmi^ which unites the cambial layers 
of the separate bundles into a continuous ring of actively 
multiplying cells (see Figs. 20 'and zi). Owing to.' the pres- 
ence of this layer of cambium, the stem''"is' able constantly 
to form new tissues, and thus to grow indefinitely in thickness 
(see p.. 76). , . . 

Surrounding the whole ring of vascular bundles on the 
outside is a layer of thin- walled cells, the perky cle {pc in 
Figs. 20, 21, and 22). This layer forms the outer limit of 
the central cylinder. Beyond this we come to the cortex. 

Those cells of the conjunctive tissue which border on the 
vascular bundles are generally rich in grape-sugar, dissolved 
in their cell-sap. , 

7. llie Cortex 

Adjoining the pericycle on the outside is a single layer of 
cells, with slightly thickened radial walls, and with numerous 
starch granules in their contents. This layer is the endo- 
dermis {en in Figs, 20 and 21, e in Fig. 22), and forms the 
inner limit of the cortex. The rest of the cortex consists of 
ordinary parenchyma, like that of the pith.' Its outer layers, 
however, have rather thick walls, though they consist of pure 
iiiilignified cellulose. 'Fhe outer cells contain chlorophyll- 
granules, and can therefore take some part in carbon- 
assimilation, though this function belongs chiefly to the 
leaves. The ' thick-walled layers are - of some mechanical 
importance in helping to give greater stiffness to the stem. 

Parenchymatous cells generally, whether ■ belonging to 
the central cylinder or to the cortex, do not ^as a rule fit 
closely together, but separate slightly from one another at 
their corners, so as to leave little spaces between them. 
I'hese intercellular spaces, as they are called, contain air and 
aifueous vapour, but not water ; they ensure the aeration of 
the internal living cells. 
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, B. The Epidermis 

The epidermis of the stem is one layer in thickness. The 
epidermal cells ate of three different kinds ; the ordinary 
cells are elongated, with square or sometimes pointed ends, 
and fit closely together without any intercellular spaces. 
These cells each contain cytoplasm and a nucleus, but no 
ehlorophy 11 -granules. The outer layer of the superficial 
cell-wall of the epidermis forms the cuticle, and does not 
consist like the other walls of cellulose, but of a substance 
{cutin) resembling cork, which is extremely impervious to 
water and water vapour, and which is chemically a remark- 
ably stable body, resisting the action even of strong sul- 
phuric acid, and of other substances which easily dissolve 
cellulose. The inner and lateral walls of the epidermal 
cells consist simply of cellulose, and the same is the case 
with the innermost layer of the superficial wall. 

The epidermis of the Wallflower bears very large and 
characteristic hairs. Each hair is a single cell. It has the 
form of a spindle, and is attached at the middle by a short 
stalk, which is inserted between the ordinary epidermal 
cells (see Figs. 26, 27, and 43, which show similar hairs on 
the leaf). These hairs are always so placed that the spindle 
lies close to the surface of the epidermis, and parallel to the 
axis of the stem. They have an external cuticle, like other 
epidermal cells. Their surface is rough, with projecting 
knobs, which contain calcium carbonate (chalk). Experi- 
ments have shown that these rough and sharp hairs are of 
great importance to the plant, as a protection against the 
attacks of slugs and snails. 

It has already been mentioned that the ordinary epidermal 
cells have no intercellular spaces between them. There are, 
however, intercellular spaces in the epidermis, but they only 
occur at definite points, between specially modified cells. 
Such a space, with the cells which enclose it, is called a 
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sioma. Each stoma consists of a pair of cells, much smaller 
than those of the epidermis generally, and of quite a different 
form (see Fig. 20, 5,' also Figs. 26 and 27, from leaf): 
These two cells are called the guard-‘celh. Each guard-cell 
is sausage-shaped . and curved, the ends of the cells being 
firmly joined together, while in the middle they are separated 
a little, leaving' a narrow pore or chink between them, which 
communicates with the intercellular spaces of the ground 
tissue^ The guard-cells of the 'stomata differ from’ other 
epidermal cells in containing chloroplasts and starch 
granules. We will defer the more detailed consideration of 
the structure of the stomata until we come to the leaf, where 
their more important functions are discharged. 

b. Structure of the Leaf 

We have already learnt so much of the structure of the 
leaf as can be made out with the help of a lens only (see 
Fig. 7), The leaf is built up of the same tissues as we have 
found in the stem, but with many differences in arrangement 
and in the details of structure. 

d'he vascular bundles of the leaf are the direct continuation 
of those in the stem. We have already traced the general 
course of the veins of the leaf, and this is identical with the 
course of the \'ascular bundles, each "vein corresponding to 
a bundle. In the larger veins, however, such as the midrib,, 
the bundles are accompanied by a massive, enveloping zone 
of parenchyma, differing from that of the .rest, of the leaf , in 
containing little chlorophyll and plenty of starch.' The. 
principal bundle traverses the midrib from end to end, 
tapering towards the apex of the leaf, and giving off .branches 
on either, side. All these branches ramify repeatedly, but 
always in the same plane, the' successive offshoots' becoming 
finer and finer, until we come ..'to. the.- extremely slender 
ultimate braiichlets, which e..iid . blindly: within the meshes 
formed by the larger bundles .(see Fig* .24). . ■ ' 
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The two lateral bundles also branch immediately on 
entering the leaf, and form the bundk-system of the basal 
part of the lamina. 

The larger vascular bundles of the leaf agree in structure 
with those of a young stem, but the two parts of the bundle 
are so placed that the xylem is directed upwards, and the 
phloem downwards. This is a constant rule for vascular 
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I'Ui, 24. Part of it sfc'vtitm, parallel to the surface, of a leaf of 
the Walltlower, passing through the palisade parenchyma, 
iiitd showing the xylem of the bundles p seen from above. 
Observe the endittgs of the bundles within the meshes . p.p,, 
palisade parenchyma ; vM.^ vascular bundle ; r/i, bundle- 
sheath. ".rhe arrows point towards the margin and the 
ndiliib of the leaf respectively. Magnified 50. (H. S.) 

bundles in flat leaves, and holds good both for the main 
bundles and their branches* We know that in the stem the 
xylem faces inwards and the phloem outwards, and as the 
bundle passes into the leaf vvitliout any twisting, the xylem 
necessarily comes to lie towards the upper, and the phloem 
towards the lower surface of the leaf. 

The loosely coiled spiral vessels of the protoxylem are 
found at the extreme upper edge of the wxxid, wlule the 
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protophloem lies at the extreme lower edge of the phloem. 
The differentiation of the parts of the bundle follows 
precisely the same order as in the stem. In the leaf, 
however, the bundles are The life of the leaf 

being limited, there is no need for a permanently active 
cambium. ■ ■ 

In the finer bundles of the leaf the structure is greatly 
simplified, the xylem consisting exclusively of spirally 
thickened elements. In the ultimate branches these elements ; 
are of the' kind' cdlcd tracheids ; they resemble vessels in 
all respects except that the cells of which they are composed 
do not fuse with one another, so that they do not form 
continuous tubes. If we trace the finest bundles to their 
termination, we find that the phloem comes to an end before 
the xylem, so that the extreme end of the bundle consists 
of spiral tracheids only. All the bundles, including their 
finest branches, are enclosed in sheaths of closely-fitting 
parenchymatous cells (see Fig. 24). 

We must now say something as to the tissue which 
surrounds the vascular bundles in the larger veins of the 
leaf, especially in the midrib (see Fig. 25). The parenchy- 
nuituus tissue of the midrib contains but little chlorophyll, 
and closely resembles the cortical tissue of the stem. The 
cells towards the upper and lower surfaces of the^ midrib 
are rather thicker- walled than the rest The other main 
veins of the leaf show a somewhat similar structure on a 
much smaller scale. Together with the midrib they form 
a mechanical supporting system for the leaf, constituting a 
stiff framework, between the ribs of which the delicate 
tissue of the lamina is extended, and thus kept' in position. 
The larger bundles also have a little parenchyma within 
ihcir sheatlu ■ -v . 

'Now we Will consider the structure of the chiorophyll- 
c«)ntainiiig tissue (mesopkyll), of which the thin, deep-green 
lamina chiefly consists. 



s.p., spongj' parenchyma ; .r, xylem of largest bundle • ph 
upper surface ; L.S.. lower surface, of leaf. Magnified about 
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On examining a transverse section (see Figs. 25 and 26) 
we see at once that the parts of this tissue towards the upper 
and lower surface respectively have a different structure. 
'I'he upper part of the mesophyll is made up of three or 
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Fig. 36.~~Part of a trans\’ers>e section of a leaf of the WallHower. 
e, epidermis; t:u, cuticle; palisade parenchyma; 

i.p, spongy parenchyma ; a', stoma ; /z, hair ; U.S,, upper, 
L.S., lower, surface of leaf. Magnified 165. (R. S.) 

more layers of closely-packed cells, which are elongated in 
the direction at right angles to the surface of the leaf. These 
cells contain an immense number of chloroplasts embedded 
in their cytoplasm, and chiefly ranged on the side-walls of 
the cells (see Fig. 26). From the appearance of its upright 
and regularly arranged cells this tissue is called the palisade 
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parenehymiL Its cells are cylindrical in , form, ^^'td have 
narrow intercelliilar spaces between, them. ' 

The lower half of the mesophyll, on the , other hand,^^^^ 
consists of very loosely arranged, irregular cells,, : with wery 
large air spaces between them, , These cells, like those of 
the palisade parenchyma, contain chloroplasts, hut ":they 
are less numerous here, and are distributed' uniformly in; 
the cytoplasm lining the celhwalls, • This tissue is called;, 
the spongy parenchyma. The lower ends of the palisade 
cells never end blindly in an intercellular space, but always 
join on to cells of the spongy parenchyma. 

rtie finer vascular bundles pass through the upper part 
of the spongy tissue in such a position that their xylem 
almost reaches the lower ends of the palisade cells. 

Tlie differentiation of the mesophyll into palisade and 
spongy tissue is characteristic of those flat leaves which are 
horizontal, and which therefore have an upper and a lower 
surface. Rotli tissues take part in carbomassimilation, the 
palisade-parenchyma being specially adapted to the intense 
liglit which falls on the upper surface of the leaf. The 
spongy parenchyma is actively concerned in the transpiration 
of W'ater vapour (see Chapter III.), 

'The epidermis of the upper surface of the leaf consists 
entirely of closely-packed cells, without intercellular spaces. 
It bears a few long, spindle-shaped hairs, like those of the 
stem. There are no stomata on this upper surface. 

Ihe epidermis of the lower surface has more numerous 
hairs, and possesses an immense number of stomata (see 
Fig, 27). The general structure of a stoma has already been 
described. Each stoma opens into a large intercellular space 
in the spongy tissue immediately within it. This space is 
called the air-tkumber (see Fig, 26). The air-chambers, 
again, are in communication with all the intercellular spaces 
of the leaf, and through them, with those of the whole plant, 
'ITe stomata, then, are the pores by which the intercellular 
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passaged of the whole plant, containing air and water vapour, 
open into the,' external atmosphere. ■ 

A section across a stoma shows the two guard-cells with 
the pore between them (Fig. 26). The transverse section 
each guard-cell is roughly a square the walls are very thick, 
especially at the two corners towards the pore, which are 
provided with projecting ridges. We have already learnt 



that the guard-cells contain chloroplasts and starch grains, 
and thus differ from the ordinary epidermal cells. 

The stomata have the power of opening and closing. As 
a general rule, they open under the influence of light and 
warmth, and close when it is dark or cold. The pore opens 
when the guard-cells become more curved, so that the 
space between them is widened. It closes when they 
straighten, so that their sides are brought into contact. We 
shall see later on , how this opening and closing of tlu* 
stomata works in with the mode of action of the leaf as a 
whole (see p. 197). 
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c. Structure of the Root 

We will now examine the structure of the main root or 
tap-root, which forms the direct downward continuation of 
the stem. It does not differ essentially from its'; branches, 
but has the advantage of being rather larger, and more 
convenient for investigation. 

In order to find the primary structure of the root un- 
altered, we must take a very young one ; for in the Wall- 
flower, and most members of its Class, the cambium begins 
its activity early, and soon brings about a complete change 
in the distribution, of the tissues. 

We will start as before with the vascular system, which 
at first sight appears very different from that of the stem. 
The middle of the root is traversed by a slender cylindrical 
strand of vascular tissue, which runs in a Straight course 
from base to apex% and is directly continuous with the 
bundle-system of the stem. In a root which has reached 
the stage shown in transverse section in Fig. 28, the xylem 
forms a plate of tissue passing through the centre of the 
vascular cylinder ; the pliloem is grouped in two distinct 
!)undles, one on each side of the xylem-plate. If we had 
examined a still younger root, we should have found that 
only the cells at the two ends of the xylem-plate were 
mature and lignlfied, the middle part of the plate consisting 
of thin-walled cells still in course of differentiation. In 
other words, the protoxylem, or oldest wood, of the root is 
formed at the outside (it is said to be exarch), and differentia- 
tion advances from without inwards, Le. centripetally, just 
in the reverse order to that which is followed in the formation 
of xylem in the stem. Consequently we should have to 
look for the first-formed spiral vessels at the extreme ends, 
as seen in a transverse .section, of the xylem-plate of .the 
root. The phlochn differentiates from without inwards, 
just as in the stem, so we see that, in the root, phloem and 
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xylem are both formed in the same direction, and not in 
opposite directions, as in the stem. We find that in this 
root there is no pith, for the xylem extends quite to the 
centre. This is characteristic of very many roots, though 
not of all. There are a few parenchymatous cells betoeen 
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Fig. 28. — Transverse section of a very youtig root of the Wall- 
flower. r.A., root-hairs ] piliferous layer ; c, cortex ; 
e, endodermis ; pc, pericyle ; x, xylem-plate ; the proto- 
xylem is at its two ends ; ph, ph, the two phloem groups. 
Magnified no. (R. S.) 

xylem and phloem ; these cells form the conjunctive tissue 
of the central cylinder. 

A root with the structure just described is called March, 
because there are, to begin with, two groups of xylem and 
two of phloem, the two xylem groups soon uniting in the 
middle to form the continuous plate. When there are three 
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groups of each, the root is called triarch ; when four, 
tetrarch ; and so on. 

The centripetal differentiation of the primary xylem 
strands of the root, i.e. inwards from the protoxylem, is 
correlated with the conditions under which the root lives. 
Unlike the stem it is not liable to lateral wind stresses. In 
the absence of these stresses no advantage is gained by the 
differentiation of the strengthening elements, i.e. the vessels, 
inwards the outside. On the other hand, the first formed 
elements of the xylem to be differentiated in the roots, i.e. 
the protoxylem, are conveniently situated, towards the 
periphery, to obtain the water absorbed by the root-hairs 
from the soil. 

We sec that the arrangement of the xylem and phloem 
is quite different in the root and in the stem. While in the 
latter the xylem always lies just inside the phloem, the two 
together forming a collateral bundle, in the former the 
bundles of xylem and phloem are distinct, and alternate 
with each other all round the vascular cylinder (cf. Fig. 64). 

'I’he arrangement in the root may be called radial, because 
the xylem and phloem groups are placed on alternate radii 
of the central cylinder, which, as seen in transverse section, 
is almost circular. The chief points, then, in which the 
primary vascular system of the root differs from that of 
the stem are — 

(i) 'I'he alternating arrangement of the xylem and 
phloem groups. 

(2 I'he centripetal differentiation of the xylem. 

( t) i he greater concentration of the bundles, and con- 
sequent smaller diameter of the central cylinder, which 
contains but little parenchyma between the bundles, and 
often has no pith. 

The vascular cylinder is surrounded by a layer of thin- 
walled cells, the pericyde, which here, as in the stem, forms 
the outermost layer of the stele or central cylinder. In the 
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root this layer is of special importance, for from it all the 
branches of the' root arise. 

The perky is surrounded by another layer, the 
which consists of somewhat elongated cylindrical 
cells. Here it has the peculiarity that the middle part of 
its cell-walls, which border on other endodermal cells, is 
cuticularised. This is not the case with the inner and 
outer walls, which abut on the pericycle and cortex respec- 
tively. The thickened part of the radial walls of the endo- 
dermal cells extends as a narrow strip (called the Caspariafi 
strip) over their entire length. This strip extends also over 
the transverse walls. We can recognise the endodermis 
in the root in transverse sections by the dark appearance of 
its cuticularised radial walls (see Fig. 28, e) ; we know that 
cuticularised walls resist the passage of water and air much 
more than cellulose walls do, so one effect of this arrangement 
is that water has free passage through the endodermis from 
the cortex into the vascular cylinder, but cannot turn aside 
to pass from one endodermal cell into another. The 
cuticularised walls of the endodermal cells fit closely to- 
gether, so that the intercellular spaces of the cortex are 
completely shut off from those of the cylinder. This struc- 
ture of the endodermis is sometimes found in the stem also, 
but not so constantly as in roots. The endodermis is really 
the innermost layer of the cortex. The rest of the cortical 
issue consists of living parenchymatous cells, with thin 
cellulose walls. They do not, of course, contain any chloro- 
phyll, because the roots in the earth receive no light, without 
which chlorophyll cannot be formed, though the plastids 
may be present. ‘ 

The outermost layer of the young root, corresponding 
in position to the epidermis of the stem, consists of thin- 
walled living cells, many of which grow out into long haiis 
(see Fig, 28). These root-hairs are very important organs ; 
they take up all the water and food which the plant obtains 
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from the soil Each root-hair is a single cell, with cytoplasm 
and a nucleus, and a thin ceil- wall. The delicacy of the 
outer cell-walls, and the absence or slight development of 
cuticle, are points in which the external layer of the, root 
differs from the epidermis of .the, shoot. , The meaning of 
these differences is, that the epidermis of the stem is a 
pri^tectwe layer, which among other duties has to hinder the 
passage of water out of the plant, while the external tissue 
of the root is absorptive (so long, that is, as the root is quite 
young), and has to admit into the plant water and various 
food-substances which are dissolved in it. Partly because 
of this great difference in function, and partly on account 
of some differences in the development, it is better not to 
speak of the external layer of roots as an epidermis, but 
to call it the piliferous layer, Le. the layer which produces 
the root-hairs. 

These root-hairs grow between the small particles of soil, 
and attach their ends to them quite firmly, so that it is im- 
possible to pull up a plant out of the ground without lifting 
with it innumerable fragments of soil, which remain sticking 
to the hairs on the young roots so firmly that they cannot be 
washed off. This adhesion to the soil is due to the conversion 
of the outer layer of the cell-wall into mucilage. The 
student must be very careful never to confuse the root-hairs 
with t!ie finer branches or fibres of the root itself. The 
latter may appear thin to the .naked eye, but they are very 
thick in comparison with the hairs, and always have the 
same structure as the main root on a smaller scale, while, 
as we have seen, the root-hair is a single long cell (see 
Fig, 29 ). 

The root bears no leaves ■ ■ its only appendages are— 
(i) the rootlets, which., repeat in essentials the structure of 
the TOot which bears them ; and (2) the hairs. 

The growing-point of the shoot is, as we know, protected 
by the leaves of the terminal bud, which close in over it. 
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The growing-point of the root requires protection even 
more, for it has to make its way between the hard particles 
of the soil, and hence a special organ is present which 
performs this sheltering function. This organ is the root- 
capj a sheath of tissue shaped rather like a thimble, w^hlch 
envelops the delicate growing apex. As the root elongates', 
the cap is pushed before it, and has to bear the brunt of 
the friction with the soil (see Figs. 33 and 34, r). The outer 
layers of the root-cap become gradually converted into 
mucilage, which serves both to diminish the friction and to 



Fig. 2g.---Ai Young root, with root-hairs penetrating the soil. 
Magnified about 7 times. Root-hairs more highly magni- 
fied, showing their close adhesion to the particles of soil. 
(After Kerner.) 

keep the apex moist, and as this happens, the cap is renewed 
from within by the growing-point itself, which thus has to 
provide new tissue for the cap in front of it as well as for the 
body of the root behind (see Fig. 33, c). 

The presence of the cap is another very constant character 
by which roots are distinguished from stems. 

d. Transition from Stem to Root 
It has already been said that the tissues of the root are 
continuous with those of the stem. We will now see how 
the one organ passes into the other. In order to understand 
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this, it will be necessary to study a fairly young seedling, 
before there has be<^ much growth in thickness. 

The first two leaves which the Wallflower seedling forms 
are placed opposite to one another, as is almost always the 
case in the Class of which it is a member. These two first 
leaves are called the seed-leaves or cotyledons, and differ 
considerably from the other leaves of the plant. For 
example, they are nearly round in 
shape, and have distinct leaf-stalks, 
their venation is also different from 
that of ordinary leaves, and the hairs 
mostly have three or more arms. The 
part of the stem which comes below the 
cotyledons, i.e, between them and the 
tap-root is called the hypocotyledonary 
stem or hypocotyl {hyp in Fig. 30). It is 
in this region that the transition between 
stem and root structure takes place. 
From each cotyledon we can trace two 
vascular bundles into the hypocotyl. As 
soon as they enter it they are joined by 
the bundles of the next leaves above ; 
but with these we need not concern our- 
selves, for only the bundles of the coty- 
ledons extend down into,,, the root." " The,, 
hypocotyl, therefore, contains four vas- 
cular bundles only, two on each side. 
Their position is different from that of the ordinary vascular 
bundles of the stem. In each pair the two prbtoxylem groups 
are united, and "not directed inwards, but are turned towards 
the periphery ; this is the case even in the cotyledons them- 
selves, before the bundles have entered the hypocotyl The 
rest of the xylem forms two distinct groups {metaxyle;n in 

^ The word metuxyiem is applied to that part of the primary xylem 
which is ditfertmtiated after the protoKylem. 
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each pair, llie phloem groups are not placed directly opposite 
the xylem, but lie rather farther to the right and left, so that 
in each pair of bundles the two groups of phloem are farther 
apart from each other than are those of the xylem. Now, 
the farther we trace the vascular bundles downwards, the 
nearer to each other do we find the xylem groups of each 
pair, and as they approach each other their protoxylem keeps 
its peripheral position, on the right and left (see 



Fi<i. 31. Pari of transverse section of hypucotyl 
of Wallflower, showing cylinder. pXy pXy proto- 
xykm K'tovips of the four bundles from the 
cotyledons ; x, metaxylem ; ph^ ph^ phloem 
groups of right-hand pair. From the mitidle 
of the transitional region between stem and 
roijt. Magnified about 200. From a drawing 
l)y Dr. Ethel N. Miles Thomas, F.L.S. 

Lower down still we find in place of each pair of xylem 
groups a single one, with its protoxylem/still directed straight 
oiitw'ards. The two bundles of each pair are at no time so 
separate as to possess distinct protoxylem-groups ; there is 
a single, central, and common protoxylem throughout, the 
position of which, with reference to the rest of the xylem 
and the phloem, varies according to the' level. Ultimately 
the whole of the xylem on each side becomes united. 'From 
this point onwards, the hypocotyl contains two groups of 
xylem only, and these groups now converge, and ultimately 
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unite to form the diarch xylem-plate of the. , root itself 
We see, then, that this' xylem-plate forms; the downward 
prolongation of the two pairs of xylem strands from, the 
cotyledons. Consequently the , xylem-plate , lies ^ in , the 
vertical plane which passes 'Through; the insertion of .. the., 
two cotyledons. 

In the Wallflower and many other Dicotyledons, .'the 
outwardly directed protoxylem. is not only a character 
of the root, but is common also to the hypocotyl and the 
cotyledons. 

In the meaiitime, we find a corresponding change in the 
position of the phloem strands, but in the reverse direction. 
Idle two phloem strands of each pair of vascular bundles 
diverge more and more from each other, until the right- 
hand group of one pair meets the left-hand group of the 
opposite pair, and vice versa (see Fig. 31, ph). Tracing 
tliem still farther down, we find that these two groups 
become one, so that at last there are only twu groups of 
phloem altogether, one on each side of the xylem plate, 
liach phlotun strand of the root, then, is continuous with 
two phloem strands of the hypocotyl, one belonging to each 
cotyledon, and thus we see that in spite of the great dilfer- 
ence in the arrangement of the xylem and phloem strands, 
the vascular system of the main root is the direct downward 
continuation of that of the stem, the hypocotyl forming the 
connection between the two ; the parenchyma of the 
centra! cylinder undergoes a great redaction in the transi- 
tional region, the pith gradually disappearing as the bundles 
converge. The pericycle forms the external layer of the 
cylinder throughout, whether in stem or root. The con- 
tinuity of the endodermis and other cortical tissues betw’‘een 
stem and root is also complete. The change from the 
epidermis of the stem to the piliferous layer of the root is, 
however, a sudden one. 
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€. Apical Development " 

We will, now describe rather more fully how the develop- 
ment of the Wallflower plant takes place. ■ - We already^ know., 
that the growing-points, i.e. the regions whe,re the formation 
of new organs and tissues goes on, He at the extreme endS' 
of the branchcis of both shoot and root,. In ' every., branch 
the base is the oldest, the apex the youngest part. It is at 
the apex, then, that we .shall fi,nd deveIop.ment'.iii progress. 

{//) The grozvhig-pamt of the shoot , we examine- a 
.loiigitudinal section passing exactly through the middle of 
a growing-point, we find that the end of the stem has a 
nearly flat or slightly domed surface. If the section has 
passed through one or more of the very youngest leaves, 
we shall see that they arise as slight projections on the 
sides of the growing apex. Lower down, we come to rather 
more advanced leaves, which at first simply show an increase 
in size ; while farther down still, their tissues begin to be 
diflcrentialed. 

Now the growing-point and the very youngest leaves 
consist entirely of thin- walled cells rich in cytoplasm, with 
relatively large nuclei. Such cells have already been 
described (p. 25). All these cells are in course of active 
growth and division, and therefore the tissue of the growing- 
point is called a meristem or dividing tissue. From this 
meristem all other tissues are derived. In favourable 
sections we can distinguish three distinct meristematic 
strata at the apex ; the outermost of these is a single layer 
of cells, dividing exclusively by walls at right angles to the 
surface, and giving rise to the epidermis only. This is 
called the dermatogen (Fig. 32, ep). It extends not only over 
the growing-point of the stem, but also over the young 
leaves, for the dermatogen forms the epidermis of the leaves 
as well as that of the stem. Next below the dermatogen we 
find a stratum which may be only one cell thick at the 
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extreme apex, but which lower down divides by cell-walls 
parallel to the surface as well as by walls at right angles to 
it, and thus becomes several layers in thickness. This is the 
periblem, or young cortex (Fig. 32, f). Lastly, underneath 
this again, we find a group of meristematic cells which divide 
in all directions, and form the central cylinder or stele of 
the stem, including the pericycle, vascular bundles, pith, etc. 
dliis last group is called the plerome (Fig. 32, pi). 

The dermatogen is always a distinct 
layer. The periblem and plerome, 
however, often unite in a common 
layer of meristem at the extreme apex. 

The vascular bupdles begin to de- 
velop at some little distance from the 
apex. The outer part of the plerome 
divides up more actively than the rest, 
giving rise to a smaJlTCelled tissue. 
Within this zone certain strands of 
cells divide more frequently by longi- 
tudinal than by transverse walls, so 
that they come to consist of rather 
elongated cells. These constitute the 
procambial each of which de- 

velops into a. vascular bundle, as already' 
described. The innermost elements' 
of each strand thicken their walls and 
become the protoxylem, while the outermost are converted, 
into the protophloem. The successive differentiation of the 
elements then goes on from within outwards in the xylem, 
and from without inwards in the phloc^m. But, as it is an 
open bundle with which we are concerned, there is always 
a layer of cells, left between xylem and phloem, which 
remains capable of dividing, and forms the cambium of the 
bundle, by means of which it can increase the number of its 
dements indefinitely. 



Frs. 32. (.» rowing- 
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Only the dermatogen and periblem take part in the 
formation of the leaves. To form a leaf, the outer layers 
of the periblem grow out, and divide ''by 'walls parallel 
to the surface, while the dermatogen follows their growth 
(see Fig, 32, /). The latter gives rise to, the epidermis of 
the leaf only. All ^ its other tissues — vascular bundles as 
well as mesophyIl“a,re, formed from the periblem. The 
plerome of the stem- takes no part in the developm,ent of 
theleaf.^ „ 

'Hie growth of the leaf itself, unlike that of the stem, 
goes on chiefly at the base, the lower part of the leaf con- 
tinuing to develop long after the apex is fully formed. We 
see that in each leaf-trace bundle that part which belongs 
" to the stem is formed from the plerome, while that which 
belongs to the leaf may arise from the periblem. The part of 
the node where the vascular bundle bends out towards the 
leaf is generally the first to be formed. From this point the 
diflerentiation of the vascular tissue proceeds upwards into 
the leaf and downwards into the stem. 

When a branch arises in the axil of a leaf, it is formed, 
like the leaf itself, entirely from the more external tissues, 
llie branch is developed a little later than the leaf, and 
rather more layers of the periblem take part in forming it. 
But here again the plerome is said not to be concerned in 
the process. 

(h) The growing-point and branching of the root . — The 
root, like the shoot, forms its new tissues at the apex of 
each branch, but as the structures to be produced are 
diflerent it is evident that the meristem which produces 
them must be different also. In roots there are no leaves to 
be formed, and, on the other hand, the root-cap has to be 
provided for. He|,ce arise the chief differences between the 
growing- points of shoots and roots. It is obvious that we 

^ MoKt observers ajj^ree that this is the case. It has been stated, how- 
ever, that .the cells of the plerome grow out to form the leaf-trace bundle 
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must seek here the meristem, not at the extreme end of the 
root, but inside the root-cap. ■ 

In a root like that of the Wallflower the meristem of the 
apex consists of three layers (see Fig. 33). The innermost 
forms the plerome, which here, as in the stem, gives rise to 
the vascular cylinder. The next outer layer is the periblem, 
which develops into the cortex ; the pericycle is formed from 
the cHitermost layer of the plerome, and the endodermis 
from the innermost layer of the periblem. So far there is no 
difference from the meristem of the shoot. 

The external part of the 
meristem gives rise at once to 
the piliferous layer and to the 
root-cap. We may call it the 
calyptrogen^ or cap - forming 
layer. Its ceils divide not 
only by wails at right angles 
to the surface, but also in the 
direction parallel to it. The 
cells which are thus cut off 
towards the outside of the 
calyptrogen go to form the 
root-cap, those cut off towards 
the inside form the piliferous layer, which always remains 
one cell thick. 

As regards the differentiation of the various tissues from 
the meristem, there are a few points to be noticed, though, on 
the whole, what has been said of the stem applies here also. 
'Fhe cells of the root-cap remain living for a time, and grow 
larger. The oldest of them, however, which lie farthest 
towards the outside, gradually die off, becoming partly . 
converted into a slimy mucilage, which serves to diminish 
friction between the root-tip and the soil ; they are replaced 
by new cells formed from the calyptrogen. The- other 
tissue formed from the calyptrogen, namely, the piliferous 



F.Ui. rootlet of .SV«- 

tiph (allied to Walitlower) in 
lorigitndinul section. ealyp- 
trr>j4en ; />, periblem ; pl^ plc- 
rome. (After Vatn lleghem.) 
Magnified about 250. 
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layei% is remarkable for the great 'growth .in le,ngth of those 
of its cells which form the root-hairs,, organs ■ of which we 
have already learnt the high physiological impo.rtanee. The 
development of the cortex calls for no remark,, .■ 

The plerome here, as in the stem, gives rise to 
sfnmds, which in the root occupy much the greater part of 
the young vascular cylinder, as 'there is only a' little eon- 
juNffive pfuem'hy^m between them, and no pith is present. 
In some plants, however, the root possesses a /pith. The 
external part of the conjunctive parenchyma forms a single- 
layered pericycle, which extends all. round the cylinder. . In 
the root each procaml)ial strand gives rise to xylem or to 
phloem only. . . ‘ 

Tlie branching of the root is very characteristic of that 
orgiUL and quite different from that of the stern. All the 
branches arise endogenously — that is to say, they are formed 
from deep-seated tissues, and have to make their way 
through tlie external structures in order to reach the surface. 
In the Wallilowcr, and indeed in all Flowering Plants, the 
fmkycle is the layer from which the rootlets are developed. 

The position in which the branch roots or rootlets are 
formed has a definite relation to the xylem. In the Wall- 
flower and its nearest allies the rootlets usually form four 
rows, which are so placed that one lies a little to the right, 
and another a little to the left, of each of the two protoxylem 
strands of the parent root. Sometimes, in place of the 
four rows, there are only two, which are then situated 
exactly opposite the two protoxylem strands. The develop- 
ment of the rootlets begins fai.rly early,. but not so close, to,, 
the apex as is the case with the appendages of the stem. It 
begins, however, before the central vessels of the xylem-' 
plate have become lignified. ' A group ■ of pericyclic cells, 
situated (in the more usual case), a little on one side of one 
of the protoxylem strands, begins to elongate radially, the 
middle cell elongating most. All these, cells then divide by 
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tangential walls. The inner cells thus cut off go to form the 
pleromc of the rootlet (see. Fig. 34, pi). The outer layer 
divides again (with the exception of the cells lying at the 
extreme edge of the group), and of the two layers thus 
formed the more internal gives rise 'to the periblem (p),- 
while the outermost becomes the calyptrogen (c), producing 
the piliferous layer and root-cap. We thus have the three 
meristematic layers marked off from the first. They 
continue to grow and divide in the usual manner. The 
young rootlet grows out through the cortex of the parent 
root, the cells of which are not mechanically pushed aside, 
but are actually digested by the rootlet, and their substance 
absorbed by it as food (see Fig. 34, d). Eventually the 
piliferous layer is reached and absorbed, and then the tip 
of the rootlet becomes free and penetrates into the ground. 
We see that the origin of the branches of the root is just the 
converse of that of the leaves and branches of the stem. 
In the latter the tissues of the leaf or branch are formed 
from the dermatogen and periblem ; it is doubtful whether 
the plerome takes any part in the process. In the root it is 
the plerome alone which forms the branch. It is clear that 
the rootlet, owing to its endogenous origin, has the advantage 
of a more protected position from the first — a protection 
which it needs, as its delicate tissues would otherwise be 
exposed to injury by contact with the soil The endogenous 
mode of bmnching is one of the most constant characters by 
which roots may be distinguished from stems. 

f. Secondary Growth in Thickness 

The stem and r<x>t of the Wallflower, like those of most 
members of the Class to which it belongs, go on increasing 
in thickness as long as the plant lives. This is due to the 
activity of the cambium, the origin of which, in the vascular 
bundles themselves, we have already described. It is im- 
possible to draw a sharp line between procambium and 
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. 34. -A, Dia^^raniniatic transverse section of a cliurch root, 
to show the position of rootlets. B and C, Transverse sec- 
tion of rot>t of Hesperis (allied to Wallflower), to show a 
rootlet at two stages of de\eloprnent : rJt, root-hairs ; e{'\ 
cortex ; d, cells in process of absorption ; e«, endodermis ; 
pc, pericycle ; ro, conjunctive tissue ; ph, phloem ; cam- 
bium ; X, xylern ; r, cal-yptrogen of rootlet ; its periblem ; 
/)/, its plerome. (After Van Tieghem.) B and C magnified 
about 250, 
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cambium ; for the latter, as'we have' seen, is ■ simply the 
pennanentl}' active middle part of the procambial strand ; 
but it IS to be noticed that while, in the earlier stages of 
development, the cell-divisions in the procambium take 
place indiscriminately in all directions, after a time they 
liecoine very regular, nearly all the new walls being formed 
in the tangeiitiai direction, le, parallel to a tangent drawn to 
the surface of the stem, while radial walls are formed at long' 
intervals only. This regular tangential division is character- 
istic of the cambium as distinguished from the procambium 
(Fig. 21, r, p, 43). 

II1C cambium of the bundle, then, goes on growing and 
dividing without limit, except during the dormant season of 
the year ; on its inner side it cuts off cells, which, after, one 
or two further divisions, gradually become converted into 
vessels, parenchyma, or fibres of the xylem. In. the same 
way the cells cut off on the outer side of the cambium divide 
once or twice, and then become sieve-tubes, companion- 
cells, or parenchyma of the phloem. The amount of xylem 
formed on the inside is much greater than the amount of 
phloem fortned on the outside of the cambium. Now, this 
production of new xylem and phloem only adds to the size of 
each individual vascular bundle. In an old Wallflower stem, 
however, we iind that the vascular bundles are no longer 
isolated, but there is a thick continuous zone of xylem, sur- 
rounded by a narrower zone of phloem. How is this brought 
about ? It depends on the fact that the cambium does not 
remain isolated within each bundle, but becomes united to 
form a complete ring in the central cylinder of the stem. 

When the stem is quite young, we find the vascular bundles 
separated from one another by radial bands of conjunctive 
parenchyma— the primary medullary rays (see Fig. 20, 1/). 
There is already an active cambial layer betw^een the xylem 
and phloimi of each bundle, and soon the infection of divi- 
sion spreads to the neighbouring cells of the ray parenchyma, 
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which also begin to divide up by tangential walls. Thus a 
layer of cambium is formed across each primary ray, joining 
the cambium of the bundles on either side, and so the whole 
central cylinder comes to contain a zone of actively dividing 
cells, producing new xylem internally and new phloem 
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Flc,;. 35.- transverse section of part of an old 

stem of Wallflower, including three of the original bundles, 
epidermis ; cortex ; pd, periderm ; pr,ph, j)rimary 
phioeiii ; /)/?,phl<Jcin ; c, cambium ; ,sey, secondary tissues ; 
pr,x\ primary xyieiii ; p,m.r, a principal meduHary ray ; 
.vj/nr. a secomiarv medullary rav- ; p, pith. Magnified about 
' 20. (R. S.) 

externally. The cambium within the vascular bundles, 
derived from the original procambial 'Strand, is called the 
fasekukir cambium ; that between the bundles, formed by 
division of the cells of a primary medullary ray, ds, the 
inierfmekular emnhium, 

' The interfascicular xylem, ie, that formed by the parts of 
the cambium between the bundles, consists at first chiefly 
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of fibrous ceils and parenchyma, but farther to the outside 
vessels arc formed here also. The limits between the 
original bundles can, however, always be traced, for the 
cambium produces a radial band of parenchymatous tissue 
two or more cells thick, which extends right through from 
pith to pericycle ; this is called a medullary ray (see 
h'ig- .35)- corresponds in position with a primary ray, 
and forms, as it were, the continuation of it, but is much 
narrower, for the cambium only forms the ray parenchyma 
just opposite the middle of the primary ray. The cells 
of the ray are short, with square ends ; their walls are 
thick and pitted (see Fig. 36 mr)-, they form starch in 
summer, and are easily distinguished by their shape from 
any other cells of the xylem. The part of the ray which is 
binned on the outside of the cambium broadens out, its 
cells becoiTiing both larger and more numerous. Between 
the principal medullary rays there are shorter secondary ones 
(Fig. 35, s.m.r), which are started by the cambium after 
growth in thickness has gone on for some time, and which 
therefore do not extend either inwards to the pith or outwards 
to the pericycle, d'he secondary as well as the principal 
rays broaden (jut in the phloem. As the xylem constantly 
increases in thickness, it is evident that all the tissue outside 
it must become stretched. This stretching is partly pro- 
vided for by the tangential expansion, followed by radial 
division, of the cells forming the phloem-rays, so that the 
phloem itself does not get distorted. 

'Fhe cells of the secondary xylem and phloem are essen- 
tially like those of the primary tissues. The chief forms of 
xylem-elements are shown in Fig. 36. 

The cambial cells are elongated prisms with inclined ends 
(see Fig. 22, p. 44). Where a medullary ray is being formed, 
however, the cambium has short, square-ended cells ; and 
when a new secondary ray is to be started, the cambial cells 
first divide up by transverse walls, so that in this case the 
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form of the cambial cells is similar to that of the elements 
which they produce. This, however, does not hold good 
elsewhere, for the vessels and fibres of the xylem undergo 
considerable changes during their development from the 



Fa;, ^,6.' “"Part <>f a radial aectiow through the secondary wood of 
\\ alltlower, />» xylem-parenchyma ; vessel ; /, fibrous 
rell ; mr, medullary ray. The arrows M and C point re- 
spcctively'to wards pith and cortex. Magnified aao. (R. S,), 

cambium. The vessels have a much greater diameter than 
the cambial cells, while the fibres are more elongated. • 

If we think the matter over carefully, we shall see that 
tliese cliaiiges of dimensions in particular cells cannot go on 
without some disturbance of the original arrangement of the 
cells. Take a vessel, for instance : as its diameter increases, 
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it has to find roooi for itself among the 'surrounding paren- 
chymatous and other cells which do not grow much in 
diameter. To do this it has to displace its neighbours, and 
eventually it comes into "contact with many more cells than 
it touched when first formed from the cambium. 

Next consider the great growth in length of the fibrous 
cells ; each of these when full grown is about twice as long 
as it was in the cambial condition. Possibly the young 
fibrous cells become elongated owing to compression by 
the neighbouring cells. In attaining its full length a fibrous 
cell has to insert its pointed growing ends between its 
neighbours, and as they, if they ar^ fibrous cells, are all 
doing the same thing, the ends of these cells have to grow 
past each other (see Fig. 36, /). All this may happen in a 
part of the stem which has long ceased to grow in length, 
so that all the room required must be found by the mutual 
displacements of the growing cells. To all changes of this 
kind in which developing cells grow past each other, whether 
in transverse or longitudinal direction, the name of 
growth is applied. The meaning of the term is, that the walls 
of these cells slide upon each other as they grow. 

The Wallflower is a short-lived perennial. Its stems are 
always relatively soft because no very great amount of wood 
is formed ; the Wallflower therefore is spoken of as an 
herbaceous plant. Contrasted with this is the shrubby or 
arborescent habit of many plants, in which the stems live 
for many years and in which large amounts of wood are 
formed, so much in fact in trees that it is used as timber. 
An Oak tree may live for hundreds of years and its trunk 
niiiy attain a diameter of two or three feet. Most of the 
trunk consists of wood, but only the younger part, the 
smp-wmd, functions as a water-conducting tissue, the 
older part, the heart-wood^ eventually serving only as a 
mechanical support. Oak wood contains essentially the 
same elements as occur in the xylem of the Wallflower, 
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but all, lEcludiiig tlie cells of ■ the: medd rays, become 
ligiiified soon after formation from. 'the cambium ; con- 
sequently the wood is verj' hard. The' conspicuous; 
rings seen in a block or ' plank of - oak ' wood are due 
to differences in the character of the xylem cells 'produced;' 
by the cambium in spring and summer .respectively, .Each' 
ring represents the wood developed from the cambium in 
a single growing season ; the rings are therefore spoken of 
as anmml rings, which are characteristic of the wood of 
dicotyledonous trees that grow in temperate climates. The 
‘ silver-grain of oak wood represents the large medullary rays. 

g. Periderm 

Wc know that the young stem is covered by the epidermis ; 
tfie old stem, however, is coated by a greyish bark, much 
thicker and harder than the epidermis ; this bark splits 
lengthways here and there ; as the stem grows thicker, the 
cracks widen and expose the softer tissues below, until these 
too become coated over by new bark. 

If we examine the bark of the Wallflower microscopically, 
we find that its outer layers consist of the epidermis and the 
whole of the cortex in a dried and withered condition (see 
Fig. 35, e and co). The inner part of the bark is formed of 
dosdy*p«ickcd cells, which are arranged in regular radial 
rows, and which have their walls corky or suberised. These 
walls have undergone a similar change to the cuticularisation 
of the outer epidermal cell-wall, and so the corky tissue has 
become almost impermeable to \vater or water vapour, just 
as is the case with the ordinary corks used in bottles, which 
are made of this tissue, obtained from the Cork Oak {Qtdereus 
saber). The cortex, which lies outside this' corky zoije, is 
thus completely cut ofl* from all supplies of water and food 
from within, and consequently withers ■■and dies. Now we 
will see how the bark is formed. 

The pericycle, which encloses the w*hole vascular cylinder, 
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is at first one cell thick. Soon after secondary thickening has 
begun, however, its cells divide, so that it becomes three or 
four cells in thickness. These divisions take place rather 
irregularly. Then the outermost layer of the pericycle begins 
to divide with great regularity by tangential walls (see Fig, 
37» that a eambialTayer is formed,’ which, like the 

true cambium, extends all round the stem. This is called 
the cork aimhium or phellogen. It produces cells, both on its 

inner and outer side. Those 
cut off towards the inside 
retain their living contents, aiid 
have rather thick cellulose walls. 
There are several layers of these 
cells in the Wallflower ; together 
they constitute the ' phModerni, 
The cells cut off on the outside 
of the phellogen have their 
walls suberised and their con- 
tents disappear. , These , cells 
form the cork, 

'File whole of this secondary 
tissue, . .. including' ' phellodecm;* 
phellogen, and cork, is called 
the periderm. The word hark 
is applied to everything outside 
the phellogen, and so here it 
includes the corky layers, together with the endodermis 
and the rest of the cortex and the epidermis. The bark 
consists entirely of dead tissues, for the corky walls allow of 
no absorption of water or food-materials. It is, however, 
of great importance as a protection to the living tissues 
within. Almost all plants with secondary growth in thickness 
form periderm and bark through the activity of a phellogen, 
which, however, does not always arise from the pericycle. 
The bark of our trees and large shrubs arises essentially in 



37."-" Part ot a 1 runs verse 
section of the stein of Wall- 
flower, to show' the outer- 
most layer of the pericycle 
dividing up to form the 
periderm. t\ cortical cells ; 
f, endttdermis ; pd, pheL 
logen, arising by division of 
pericyclic cells. Magnified 
460. (R. S.) 
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the same way as that of the Wallflower, though there are 

many differences of detail.^ 

In certain trees successive layers of phellogen arise more 
and more deeply in the outer tissues- as time elapses, occa- 
sionally even in the outer phloem. Deeply seated phellogens 
give rise to a vety^ t'tigged kind of bark, as in the Oak. 

Gaps, called kntimk^ occur at intervals in cork, where the 
phellogen produces loose, thin-walled cells instead of im- 
permeable cork cells. These lenticels, which allow of aera- 
tion of the internal tissues, are conspicuous features of some 
kinds of bark, e.g, birch, in which they appear as long hori- 
zontal lines. The dark streaks seen in bottle corks (from 
the Cork Oak) are lenticels. ■ . 

h. Secondary TMckenlng of the Root 

llie root, like the stem, grows indefinitely in thickness, 
owing to the formation of new tissues from a cambium. 
This secondary growtli begins very early in the root, just 
after the stage shown in transverse section in Pig. 28, so 
that in the older roots much the greater part of the tissue is 
of cambial origin. 'Fhe first formation of the cambium in 
tlie root is rather different from that in the stem, owing to 
the diflerent arrangement of the primary tissues. It has 
already !)een mentioned that the two phloem groups are 
separated from the xylem by parenchymatous cells belonging 
to the conjunctive tissue. It is in these cells that the tan- 
gential divisioiis begin. The cambium, ' consequently, at 
first forms two bands of actively dividing cells, lying on 
either side of the xylein-pkte and immediately within the 
two phloem groups (see p. 77, Fig. 34, C, g). These cells 
give rise to new xylem on the inside and new phloem on the 
outside in the usual way, but the cambium does not as 

* Ifi popular laiigUiiKt* the word bark k commonly used to denote 
lill tissues outside tlie cambium, and thus includes the phIot?m. This 
wider use of the term is adopted in some botanical works. 
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yet fonn a complete ring. It is completed in this way. I’he 
pcricycle, which was at first a single layer of cells, divides 
and becomes two or more cells in thickness, at least at the 
places opposite the two protoxylem groups. The innermost 
of these pericyclic cells, Le, those lying next the protoxylem, 
now undergo regular tangential divisions, and so form the 
continuation of the cambium round the ends of the xylem- 
fdate. It is a constant rule in plants of the Class to which 
the Walillower belongs, as well as in plants of the Fir kind, 
wliich belong to a different Class (cf. Figs. 104 and 106), that 
the formation of the cambium in the root begins by division 
of the conjunctive cells inside the phloem-groups, and is 
completed by division of the pericyclic cells outside the 
xylem-groups. Thus the cambium (as seen in transverse 
section) cannot at first form a perfect circle, for it has a 
depression opposite each phloem bundle ; but just at these 
places the cambium starts its work 'earliest, and is for a time 
most active, so that the inequalities soon become equalised, 
and we have a circular zone of actively dividing cells just as 
in the stem. When once started, there is nothing peculiar 
about the cambium of the root ; it forms internal xylem 
and externa! phloem just as it does in the stem, but as in 
this root there is no pith, it is evident there can be no prin- 
cipal medullary rays. One point deserves special attention : 
the primary xylem of the root differentiates, as we have seen, 
from without inwards ; the secondary xylem is formed by 
the cambium from within outwards, so that in roots we have 
a sharp distinction between centripetal primary and centri-- 
fugal secondary wood, whereas in the stem all the wood 
arises centrifugally. However old the Wallflower root may 
be, wt can always tell its transverse section from that of the 
stem, for in the middle, instead of the pith, wt find the little 
diarch xylem-plate unaltered. In the roots of other plants 
of the same class there are often more than two groups of 
xylem, and a pith may even be present ; still, if we can once 
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make out the position; of tE^ protoxylem. elements, we can 
always be certain whether it is a root or a stem with which 
wc have to do. , , 

Only very young parts of the root retain their root-hairs,: 
and absorb food' from the soil. ' The older parts soon lose 
their hairs, cease to be absorptive, and now serve only to 
conduct the food, which the younger part of the root has 
taken up, towards the stem. These older parts of the root 
acquire a covering of periderm. The pericycle divides up' 
to form a phellogen, which produces phelloderm internally 
and corky layers externally, just as in the stem.^ It is from 
tlie outer layer of the pericycle (where it is double) that the 
phellogen arises. We now see that the pericycle in these 
roots is an extremely important layer, being the seat of three 
distinct new formations— 

(1) Lateral roots. 

(2) Cambium (in part). 

(3) Phellogen. 

In consequence of the formation of cork by the phellogen, 
all the external tissues, from the endodermis outwards, 
wither away, so that the older roots consist entirely of the 
central cylinder surrounded by periderm. A curious ejffect 
of this throwing off of the cortex, which takes place very 
early in roots, is that they appear thinner, after secondary 
growth in thickness has begun, than they did before. This 
is because the root at first loses ' more by the death of. its 
external tissues than it gains by 'Secondary growth. . The 
loss, liowever, is soon made good. 

?sow let us consider what purpose all this secondary 
formation of new tissues serves. So long as a plant like the 
Wallflower lives, it keeps putting out new branches ; every 
new branch bears a number of leaves, and so the older the 
plant grows the greater is the total surface of its foliage, in 

^ III the case of roots the origin of the phellogen from the pericycle is 
the rale, while in stems it is the exception. 
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Spite of the loss of old leaves. Now the leaves perform two 
main functions : they give off water vapour through their 
stomata, and thus keep up the ascending current of sap 
from the roots ; and also they take up food from the air, 
namely, the carbon which they obtain by the decomposition 
of carbon dioxide. Therefore the greater the leaf-surface, 
the greater will be the amount of water which has to pass 
up the stem from the roots, and the greater also will be the 
amount of assimilated food which has to be conveyed away 
from the leaves to the growing parts. Consequently, as the 
leaf-surface increases, it is necessary that the amount of 
conducting tissue should increase also, and this applies 
both to the xylem, which conducts the sap from the roots 
to the Ieave.s, and to the phloem, which conducts the 
assimilated foods from the leaves to the seats of growth. 
This increase is provided by the activity of the cambium, 
and while this is going on the absorptive surface of the root 
is also increasing. The root branches again and again, and 
the number of young roots that are able to take up food from 
the soil is constantly becoming greater. 

Thus we see how the growth of all the vegetative organs 
of the plant works together. As the transpiring and assimi- 
lating surface of the leaves increases, the amount of conduct- 
ing tissue in the stem and older roots increases at an equal 
rate, while at the same time the branching of the younger 
roots provides for the greater demands on their absorptive 
capacity. 

Secondary growth in thickness is important in other wgys 
also : as the branching of the shoot goes on, it is obvious that 
the stem has an ever-increasing load to bear, due not merely 
to the increased weight, but also to the greater leverage of 
the spreading branches. Hence the necessity for increased 
mechanical strength, which is provided for by the forma- 
tion of additional xylem, especially new fibrous elements, 
from the cambium. 


THE WALLFLOWER 89 

I.astiy, the coBstaBt formation of new tissues has the 
forther advantage that old elements which have become past 
work are replaced by young and active ones* This applies 
especially to the phloem, in which it is generally the newer 
layers which are alone active. ’ This point, however, is not 
so important in the Wallflower as in some other plants, 
especially trees, in which the duration of life is longer. 
Secondary growth,' then,: has three main functions : to 
increase the conducting tissues, to increase the mechanical 
tissues, and to replace old elements by young ones. 

IIL INTERNAL STRUCTURE AND DEVELOP- 
MENT OF THE REPRODUCTIVE ORGANS ' " 

We use the term reproductive organs here in a wide 
sense, to include all the parts of the flower, although many 
of these are only of indirect service in reproducing the 
fflant. We do so because the sole function of these organs 
is to form a sexually produced embryo or young plant, and 
to send it into the world as well equipped as possible for 
its future life. The floral organs are only of service in so 
far as they contribute to this end. 

We have already learnt the general arrangement and 
outward appearance of the parts of the flowxr (see p. i6) ; 
we will now consider the order and method of their 
developinent* 

a. Oeveiopmeiit of the Flower 

llie very young flower-bud arises from the stem as a 
rounded outgrowth, which soon acquires a short stalk 
(see Fig. 38). The calyx is the first of the floral organs to 
appear. The anterior sepal takes the lead, appearing as a 
crescent-shaped ridge of tissue (see Fig. 38, A, ; next the 
two lateral sepals (/) appear together, and lastly the posterior 
one, which lies next the main flower-stalk (B, s'^*) (see also 
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diagram, Fig- 13)- When the calyx has started its growth, 
the corolla begins to develop. All the four petals show^ 
themselves simultaneoiisly, arising as small papillse im- 
mediately within the calyx at the points corresponding to 
the spaces between the sepals (see Fig, 38, C, and 
Ihe petals have no sooner appeared than their growth 
ceases for a time. Hence we shall find that the next inner 
whorl, that of the stamens, soon overtakes them. 

The stamens appear in the same order as the sepals, 
opposite which they arise. First an outgrowth is formed 
opposite the anterior sepal (Fig. 38, D, It immediately 
forks into two, and gives rise to the anterior pair of long 
stamens (E, ef). Next two papilte are formed opposite the 
two lateral sepals. These develop into the two short 
lateral stamens (D and E, Finally a posterior papilla is 
formed, which, like the anterior one, immediately branches 
and produces the posterior pair of long stamens (D and E, 
and ef). 

The pistil or gynmcium is the last part of the flower to 
be formed. The two carpels appear as two slightly elevated 
ridges opposite the lateral sepals ; they are only distinct at 
their very first origin. A zone of tissue underneath their 
insertion begins to grow up immediately, carrying the 
carpels up with it, and forming a tubular column in the 
centre of tfie flower, on the upper edge of which the original 
carpels can scarcely be distinguished (Fig. 38, 15 , cp). On 
the inside of the carpellary tube two longitudinal ridges 
arise ; the position of these ridges is posterior and anterior, 
they come midw^ay between the centre-lines of the two 
carpels (F and G). These ridges are the placentas^ on which 
the ovules or future seeds are borne* 1 wo elevations soon 
appear on the edge of the carpellary tube just above the 
placentas. These elevations become the stigmas (F and H, 
sg), and ultimately close in over the top of the tube, which 
now forms the cavity of the ovar}^ (see Fig. 38, H). We see, 
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then, how it is that the position of the stigmas is alternate 
with that of the carpels (see Figs. 10, ii, 12, and 13). The 
septum appears rather late, after the development of the 
ovules has begun (Fig. 38, G, pi). Each placenta grows out 
between the rows of ovules ; the two projecting walls thus 
formed at last meet in the middle to form the septum, 
dividing the cavity into two. The honey-glands, which 
lie at the base of the two shorter lateral stamens, arise very 
late in the development of the flower, when all the more 
important organs are well advanced. 

All floral parts arise like leaves, by the growth and 
division of the more external cells of the growing-point, 
namely, the dermatogen and periblem. 

b. Structure of the Floral Envelopes 

We will now consider more fully the structure of the 
various organs of the flower, and the respective parts which 
they play in the process of reproduction. We will first 
consider the structure of a sepal. The sep<ds form the outer 
protective covering of a flower while it is still a bud. When 
the flower opens, the function of the calyx in the Wall- 
flower is almost at an end. 

Of all the floral organs the sepals most resemble foliage- 
leaves. They are, in fact, merely leaves of simplified struc- 
ture, having less complex functions to perform than the 
vegetative leaves. 

The sepal has a similar bundle-system to that of an 
ordinary foliage-leaf, but with simpler ramifications. In 
each bundle the xylem and phloem are in the usual position, 
the xylem being placed on the upper side, Le, on the side 
turned towards the middle of the flower, and the phloem on 
the lower or outer side; The mesophyil is of uniform 
parenchymatous structure throughout, showing no differen- 
tiation between palisade and spongy tissue. The cells contain 
numerous plastids corresponding to the chlorophyll-granules, 
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but little chlorophyll is present. The dark colour of the 
sepal is due to purple cell-sap, which is present in the more 
superficial layers on both the upper and lower sides of the 
sepal. It is most abundant towards the lower surface, and 
especially in the hypodermal layer, though it also occurs in 
the epidermis. Stomata are fairly numerous on both 
surfaces of the sepal. Hairs of the structure already de- 
scribed and figured (see Figs. 26, 27, and 43) are produced 
on the lower or outer sui'face only. There is reason to 
believe that they serve to protect the young flower-bud from 
the attacks of slugs. 

The petals^ which form the next floral whorl, are in many 
respects of very different structure. The petals are at first 
very slow in their development, and become mature rather 
suddenly, shortly before the flower is ready to open. They 
are transitory structures ; they have no protective function, 
nor do they take any direct part in fertilisation or the pro- 
duction of the embryo, but they are none the less important. 
The Wallflower is in a great degree dependent on the visits 
of insects for its fertilisation. The function of the petals is 
to render the flower conspicuous, and thus to help in 
attracting insect visitors. Hence, it is generally the corolla 
which constitutes the chief beauty of the flower in our own 
eyes. Its business is to be showy. Each of the petals has a 
vascular system ; its bundles, though slender, are of normal 
structure, with xylem above and phloem below. The 
niesophyll consists entirely of spongy parenchyma without 
chlorophyll. The epidermal cells of both surfaces contain 
very numerous yellow chromoplasts — that is, protoplasmic 
bodies like chlorophyll-granules, but containing a yellow 
pigment instead of chlorophyll. To these the yellow colour 
of the petals is due. In cultivated Wallflowers a purple cell- 
sap, containing an anthocyanin pigment, is also often 
present, chiefly in the lower epidermis. To the combination 
of the colours of the yellow chromoplasts and of the purple 
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cell-sap the flower owes those beautiful red-brown shades 
which we know so well. The wild Wallflower generally 
has the chromoplasts only, and so its petals are simply 
yellow. 

I'here are no stomata on either surface of the petal. The 
epidermis is not smooth, but its cells all grow out into short 
hairs or papillte, which are narrower and more prominent 
on the upper surface of the petal. They give it a peculiar 
velvety gloss, owing to the varying way in which they reflect 
the light, and this effect is perhaps enhanced by the fact that 
the cell-walls of the papillae are delicately ridged. 

'I’he well-known pleasant scent of the Wallflower comes 
from the corolla. 'I’he scent is probably of importance as 
helping to attract insect guests. 

c. Stamens 

The six staaiens together constitute iht itndrmcitm^ ox 
fertilising apparatus of the flower. Each stamen, as we 
already know, consists of two parts— a stalk or filament, and 
an anther borne upon it. The filament is traversed by two 
vascular bundles, having two small xylem groups turned 
towards the inner surface, and two larger united phloem 
groups on the outer side. The vascular tissue is surrounded 
by an endodermis. The mesophyll is of uniform structure 
all through. The epidermis of the filament has neither hairs 
nor stomata, but the latter occur on the anther. The 
filament tapers at the top, and is attached to the anther by 
a narrow neck. The anther may be compared to the blade 
of an ordina,ry leaf, but it shows little trace of the structure 
of a vegetative lamina, for its functions are entirely reproduc* 
live, it is, however, traversed by a midrib (the connective), 
which forms a direct prolongation of the filament. The 
connective has a single vascular bundle, which is continuous 
with the two bundles of the filament (see Fig. 39, 

The anther, when nearly ripe, is divided lengthways into 
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two halves or lobes, with the connective between them (see 
Fig. 39, and compare Figs. 9, 10, and ii). 

Each lobe of the anther consists of two compartments, 
called the pollen-sacSy so that there are four of these pollen- 
sacs altogether, running lengthways of the anther, parallel 
to the connective. Their arrangement, as seen in transverse 



Fig. 39.— a, Transverse section through a young anther of Wall- 
flower, at the stage when the pollen mother-cells are divid- 
ing. Observe the four pollen-sacs and the connective. 
v.h, vascular bundle of connective ; /, hypodermal layer, 
which will become the fibrous layer ; tapetum of radially 
elongated cells ; mass of pollen mother-cells, derived 

from archesporium of the pollen-sac ; places where the 
anther will dehisce. Magnified 110. B, Three pollen 
mother-cells from a pollen-sac in A, showing three stages 
of division. Magnified about 450. (R. S.) (Cf. Fig. 10, 

St, p. I 7 -) 

section, is shown in Fig. 39. When ripe, each pol!en-sac 
contains an immense number of isolated cells, the pollen- 
grains, which are set free by the bursting or dehiscence of 
"the anther. The anther bursts by two longitudinal cracks, 
coinciding with the partition between the two pollen-sacs 
of each lobe of the anther (see Fig. 40). 

'Fhe outer wall of the sacs is ruptured along this line, and 
at the same time the partition separating the sacs is broken 
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down (see I'ig. 40, tv), so that a single opening serves for 
the escape of the pollen from each pair of pollen-sacs. At the 
time of dehiscence, therefore, the anther appears to have 
only two cavities, and we have to go back to unopened 
anthers to find the four pollen-sacs intact. 

We see, then, that the stamen bears four pollen-sacs, 
which produce in their interior numerous pollen-grains. It 
will now- he w ell to trace the development of the pollen-sacs, 
and of the pollen which they contain. 



Fir>. 4c. "■ TraiiN verse seeiitm (vf ripe anther uf WalUiuwer, after 
dehiscence. Observe that the two poHen-sacs on each side 
have now tipencd into each other by the breaking down of 
the wall tv between them. vJf, vascular bundle of con- 
nective ; p.i\ the four original pollen-sacs ; /, fibrous layer. 
.\iagniheu 44. (U. S.) 

Tin* anther is the first part of the stamen to be developed, 
so that in a moderately young stamen we find the anther 
almost full-grown while the filament is still quite short. 
If w*e cut a very' young anther across, we find that the 
transverse section is nearly oblong, with rounded porners 
(Fig. 41, A). 

At each of the four corners tw'o or three of the cells lying 
next below the epidermis divide by walls parallel to the 
surface (see Fig. 41, A, p). The inner cells produced by this 
division form what is called the ardmporhm, i.e. the layer 



THE WALLFLOWER 


97 


from which the spores, here called the pollen-grains/ 
ultimately arise. Each archesporium thus consists at first 
of a single strand or layer of cells running the whole length 
of the anther. The archesporial cells grow and divide up 



Fig . 41 . — I’ransverse section of very young anther, yourtg 
vascular bundle ; |>olleii“Sac initial cells which divide 
to give rise to archesporium and cells of wall, w, B and C, 
More advanced stages of the same. The cells with dark 
outlines belong to the four archesporia. The numbers 1,2, 
and 3 refer to the order in which the ceii-walls are formed. 
t, tapetum. (After Warming.) Magnified about 200. 
These figures are reversed in position as compared with 
' Fig. 39. 


in all directions, and we soon have, in place of the original 
layer, a solid cylindrical column of tissue, consisting of large 
cells (see Rig. 41, B and C), which are densely filled with 
cytoplasm, and have large nuclei. In the meantime the cells 
^ See Part IL, Flowerless Plants ^ Chapter I. 
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immediately outside the archesporium have undergone 
several divisions, so that the wall of the pollen-sac becomes 
about four cells thick (see Fig. 41, A, B, and C), including 
the epidermis, which does not itself divide. The cells 
which are actually in contact with the archesporium become 
elongated radially, and form a well-marked internal lining 
to each pollen-sac, called the tapetum (see Figs. 39 A, and 
41 C, t). The tapetum extends all round the sac. Its cells 
are at first rich in protoplasm. The function of this layer is 
to feed the developing pollen-grains, by which it is entirely 
used up. 

I'o return to the archesporium : after its cells have divided 
a great many times, the divisions cease for a while, the pollen- 
sac continues growing, its cavity becomes more roomy, and 
so the cells derived from the arche.sporium become isolated 
from one another and round off their corners (see Fig. 39, A). 
'Fhese cells now bear the name of the pollen mother-cells, 
because each of them divides up into four pollen-grains. 
The division takes place as follows ; at the time when the 
mother-cells begin to be isolated, the nucleus in each divides 
into two, and the two daughter-nuclei at once divide again, 
s<} that there are four nuclei in the mother-cell (see Fig, 
39, B). New cell-walls are formed between the nuclei, and 
the mother-cell is thus divided into four distinct cells, each 
with its own nucleus. These four <!aughter-cells are arranged 
like four cannon-balls in a heap, the w'hole group having 
roughly the form of a four-sided pyramid or a tetrahedron.^ 
Each daughter-cell next forms from its protoplasm a new 
cell-wall of its own. The wall of the mother-cell is dissolved, 
and the four pollen-grains are set free. The cavity of each 
pollen-sac is now filled with a host of free pollen-grains, 
four times as numerous as the original mother-cells. The 
grains are at first immersed in a half-fluid substance derived 

^ Hence only three are seen in one plane. See the mother-cell at the 
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from the protoplasm of the tapetal cells, which break down 
during the formation of the pollen. This substance is soon 
used up by the pollen-grains to complete their growth. 

The ripe pollen-grain is somewhat oval in shape. Its 
wall is considerably thickened, but there are three thinner 
bands, indicated externally by shallow grooves, which run 
lengthways of the grain. The pollen-grain in Fig. 42 is 
shown as if in cross-section, so that it appears round, with 
three depressions, and we see the three 
thin places in its wall at the depressed 
points. The rest of the wall is thick and 
cuticularised, except a delicate inner layer 
of cellulose. 

The pollen-grain at first, like most 
other cells, has a single nucleus 
nucleus divides while the grain is ripening, 
and one of the two daughter-nuclei divides 
again. Thus in the mature pollen-grain 
there are three nuclei, one of which is 
larger than the other two ; the two 
smaller nuclei have arisen from the second 
division. PTom observations on other 
plants which are more favourable for 
examination than the Wallflower, it is 
probable that the cytoplasm around each 
of the smaller nuclei forms a distinct cell, so 
that the mature pollen-grain thus consists of three cells. In 
many other plants the pollen-grain has only two cells at 
this stage (cf. the Lily, Fig. 81.) 

The two layers of cells next outside the tapetum, like it, 
become absorbed. One of them often disappears even before 
the tapetum itself, as shown in Fig. 39, A. When the 
anther is ripe, the wall of each of the four pollen-sacs consists 
on its free outer side of one or two layers besides the epider- 
mis. These persistent layers are distinguished by a strongly 
8 . 


This Fig. 43.— A single 
pollen - gram of 
the Wallflower, 
showing the three 
thin places in the 
wall, at any one of 
which the pollen- 
tube may sub- 
sequently. ' 'grow 
out. Observe the 
three nuclei, of 
which the largest; 
is vegetative, and 
the two smaller 
are generative. 
Magnified about 
450. (R. S.). 
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marked spiral or netted thickening on their membranes. 
These cells form the fibrous layer (see Fig. 40, /). It com- 
pletely surrounds each pollen-sac, except at, the point just 
opposite the partition which separates the two pollen-sacs 
in the same lobe. Here the fibrous layer is interrupted by 
one or two thin- walled cells. It is thinnest (one cell thick) 
next the partition, and attainstits maximum thickness (about 
five cells) on the side towards the connective (Fig. 40). 
I'his layer is of great importance in the dehiscence of the 
anther. It is owing to the contraction of the fibrous layer, 
through loss of water, when the anther is getting ripe, that 
the wall is ruptured and dehiscence takes place. If the 
anther is kept from drying, as sometimes happens in very 
wet weather, dehiscence may fail to take place. 

d. The Pistil 

The development of the pistil or gyncecium has already 
been shortly described. The tissue of the carpellary tube 
is traversed by several vascular bundles, the largest of which 
are placed opposite the septum. The external epidermis 
is thickly clothed with hairs of the usual structure ; there 
are a few stomata. The pistil terminates above in the 
stigma, the two lobes of which are rough on their inner side, 
with long papillae, which, as we shall see presently, serve to 
catch the pollen-grains. , . 

The ovary contains the omks^ or young seeds (see Figs. 
!0, II, and 38, G). They are numerous, and grow in four 
rows, two rows to each compartment, on the placentas. 

Each ovule is attached to The placenta by a stalk, the 
funick. 

The body of the ovule consists of a central mass of tissue, 
the nueellus^^ continuous with the funicle, and of two coats, 

® In thti of Wallflower, when ready for fertilisation, the nucellus 
is only represented by the embryo-sac (e) and a small mass of tissue at 
its Imw (h), Fig. 43 . 
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the integuments^ which arise from the lower part of the 
nucellus and enclose it, leaving only a narrow passage, the 
micropyle, leading down to the free end of the nucellus. 
The funicle contains a vascular bundle, branching off from 
the bundle-system of the ovary. The bundle terminates at 
the base of the nucellus (see Fig. 43, ch). The base of the 
ovule, where the integuments spring from the nucellus, is 



Fig. 43. — Longitudinal section through an ovule and part of the 
ovary wall of Wallflower, w, ovary wall ; a hair ; /, 
funicle of o\nile ; ch, chalaza ; n, nucellus (which is only 
persistent at the base) ; fwi, inner integument j m2, outeV 
integument \ fn, micropyle ; e, e, embryo-sac ; p.t, pollen- 
tube, entering micropyle. Magnified about 50. (R. S.) 

called the ckalas^a. All these parts, except the vascular 
bundle, consist of delicate parenchyma. 

In the nucellus is a long cell, the embryo-sac (see Fig. 43, e), 
which is much larger than its neighbours, and contains in 
its interior a number of smaller cells. One of these, situated 
at the end of the sac towards the micropyle, is the ovum 
(Fig. 44, 8 and 9, o\ the most important part of the whole 
structure, because when fertilised it develops into the 
embryo, or young plant of the next generation. 

The development of the ovule will now be traced witli 
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the aid of observations,, on the ;Shepherd’s^ Purse 
Bursa-pmtoris), a common weed allied to' the Wallflower, 
which will show ns all the essential points. 

Each ovule arises as an outgrowth from the placenta. 
Several cells belonging both to the epidermis and to the 
next lower layer, take part in- its formation. . This outgrowth 
is the iiucellus of the- future ovule. When it has attained 
the form shown in Fig. 44, i, that cell of the middle row 
w'hich lies next below the epidermis in the Fig.) begins 
to l>e distinguished from its neighbours by its larger size 
and more abundant protoplasm. It is termed the arche- 
sporium (or embryo-sac mother-cell) of the ovule. It divides 
by two transverse walls into a row of three cells (see Fig. 44, 
2 and 3), The low^est of the three becomes the embryo-sac 
(Fig. 44, 3, e). The two sister-cells above it become com- 
pletely destroyed (see Fig, 44, 4), and are, in fact, devoured 
by the growing embryo-sac. 

In the meantime the integuments have begun to form ; 
the inner one arises first, growing out as a ring of tissue at 
the base of the nucellus, and forming a sheath around it, 
which soon projects beyond its free end and almost encloses 
it (see h'ig. 43, in^). The outer integument next appears in 
like manner, just below the inner one, which it soon over- 
takes by its more rapid growth (see Fig. 43, z/l). Ultimately 
the outer integument closes in over the inner, leaving only 
the narrow micropyle as a passage leading through them 
both to the nucellus (Fig. 43, w). In the meantime the 
funicle has been formed by the growth and division of the 
cells at the base of the ovule (Fig. 43,/). 

Returning to the embryo-sac, we find that it not only 
absorbs its sister-cells, but, as' it continues to grom% 
soon attacks the epidermis of the nucellus. This also 
is quickly digested, so that only the basal part of the 
nucellus, lying below the embryo-sac, remains (Fig. 44, 
4 and 5 ; Fig. 43, n\ while the sides and top of the sac 
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Fk;. 44 .'—Development of ovule and embr^'-o-sac of Shepherd’s 
Purse {Capsella Bursa-pusioris). The integuments are not 
shown, I, Early stage : e.m^ archesporium or embryo-sac 
mother-cell. 2, The mother-cell has divided once. 3, A second 
division has taken place. 4, The lowest of the three ceils, e (the 
embryo-sac), is obliterating the two above it. 5, The nucellus 
disappears, except at the base ; the nucleus of the embryo-sac 
has divided. 6, Each daughter-nucleus divides again. 7, Four 
nuclei at each end of sac ; three at each end have cells around 
them : egg-apparatus ; pu pzy tipper and lower polar 

nucleus ; an^ antipodal cells. 8, The polar nuclei approach 
each other ; s, $y synergidto ; 0, ovum. 9, Fertilisation stage ; 
pp^ secondary nucleus, arising from fusion of polar nuclei. 
Magnified about 200. (After Guignard.) 
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conic into direct contact with the inner integument (See 

Og. 43)- 

While these changes are going on, the nucleus of the 
eml)ryo»sac divides, and the two daughter-nuclei travel, one 
to each end (see Fig. 44, 5). Each divides again (see Fig. 
44, 6), and the four nuclei thus formed divide once more, 
so that there are now eight nuclei altogether in the embryo- 
sac, four near each end. As yet the nuclei only have divided, 
Si) tluit all the eight lie free in the cytoplasm of the sac. 
Now, however, the cytoplasm at each end divides into three 
distinct cells each surrounding a nucleus. Thus we have 
six cells in the embryo-sac, three at each end, and also two 
free nuclei, which He in the undivided cytoplasm which 
occupies all the middle part of the sac (see Fig. 44, 7). The 
three cells at the end towards the micropyle form what is 
called the egg-apparatus (Fig. 44, 7, cm). Of these three, 
the one farthest from the micropyle is the ovum (Fig. 44, 
8, 0). The two others are termed the synergidw {s , .?), because 
they co-operate, as we shall see, in bringing about the 
fertilisation of the ovum. The three cells at the opposite 
etui of the sac are called from their position the antipodal 
reik (see Fig. 44, 7 and 8, an). In this particular case the 
antipodal cells disappear before fertilisation (Fig. 44, 9). 
lastly, the two free nuclei are called the polar nuclei (see 
Fig. 44, 7, pj and and Fig. 44, 8, p), because one comes 
from each pole of the sac. Their fate is remarkable. They 
do not remain in their original positions, but travel through 
the cytoplasm to meet each other (see Fig. 44, 7 and 8). 
When they meet they fuse together into a single large 
nucleus, which may be called the secondary nucleus of the 
embryo-sac (see Tig. 44, 9, pp). Meanwhile the whole 
embryo-sac has increased considerably in size, and so has 
the egg-apparatus, the two synergidic becoming loiig and 
pointed (sec Fig, 44, 9, s). 

The body of the ovule. during its development becomes 
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considerably curved on itself, owing to the more rapid growth 
of its lower side, so that the micropyle ultimately comes to 
point almost backwards towards the placenta- The embryo- 
sac takes part in this curvature (see Fig- 44, 9, and Fig. 43). 
Ovules in which the nucellus and embryo-sac are bent in 
this way are called campy lotropous. 

The structure of the ovule, then, when ready for fertilisa- 
tion, is as follows : it is attached to the placenta by a stalk, 
the funicle ; the curved body of the ovule is enclosed by the 
two integuments, which leave a narrow opening at the free 
end, the micropyle ; the interior of the ovule is almost 
entirely occupied by the long curved embryo-sac, which is 
in immediate contact with the inner integument. The rest 
of the tissue of the nucellus has disappeared except at the 
base. Within the embryo-sac, at the micropylar end, are 
three cells, the egg-apparatus. The most deeply-seated of 
the three is the ovum. In the cytoplasm of the sac is a large 
nucleus, which has been formed by the fusion of the two 
polar nuclei. We shall probably find no trace of the antipodal 
cells, which at an earlier stage occupied the chalazal end of 
the sac. 

The description just given, though taken specially from 
the Shepherd’s Purse, applies to the ovules of the Wallflower 
also, except that the latter may have several embryo-sacs 
side by side. Only one of them, however, contains an ovum 
capable of being fertilised. Fig. 43 is drawn from an ovule 
in w^hich only one embrrm-sac is visible. 

e. Fertilisation 

We have next to learn how fertilisation is brought about. 
The ovum by itself is quite incapable of any further develop- 
ment. It can only become an embryo or young plant after 
union with another cell, namely, with one of the generative 
cells formed in the pollen-grain. The contents of the 
pollen-grains, therefore, must in some way be conveyed to 
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the ovules b the ovary, in order that fertilisation may take 
place. 

The first stage in this process is that the pollen-grains 
have to be deposited on the stigma. This is called pollma- 
tioii, and is a necessary preliminary to fertilisation. It is 
easy to prove experimentally that pollbation is necessary 
for the production of ripe seeds, i.e. seeds which contain 
embryos. In order to prove this, the stamens of some of the 
flowers are cut off before the anthers have dehisced to shed 
their pollen. It is, of course, essential to do this in good 
time, and the flower-buds must be opened artificially in 
order to perform the operation, for as soon as the flower 
opens naturally the pollen is shed. 

llie plant must be kept under a bell-glass or under very 
fine gauze, so that no insects may reach it which might 
bring pollen from other flowers. There is no danger of 
pollen being brought by the wind, as the Wallflower pollen 
is too sticky to be blown about. It is therefore better to 
use gauze than a bell-glass, as the plant might become 
unhealthy if kept from the air. It will be found that in 
all the il(}wers which have had their stamens removed, and 
which arc not allowed to receive pollen from other wall- 
llowera, the pistils wither away without setting their seeds, 
and if we examine their shrivelled ovules we find that they 
contain no embryos. We can prove that it is not the mere 
“ shock ’’ of the operation w'hich prevents the seeds from 
ripening, for if pollen from another flower be placed on the 
.stigmas of the mutilated flowers their seeds will ripen in 
due course, and when they are sown the embryos will grow 
into young plants as usual. 

We learn, then, that the access of pollen to the stigma is 
a necessary condition for the formation of fertile seeds. It 
was by experiments of this kind, performed many years ago, 
that the existence of distinct sexes in plants was first proved. 
We thus see that the function of the flower is the sexual 
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reproduction of the plant. We are now in a position to 
study in detail how the process goes on. 

In plants like the Wallflower, which have conspicuous, 
brightly-coloured, and sweet-smelling flowers, the work of 
pollination is chiefly performed by insects. The Wallflower 
is specially attractive to bees, who visit it in search both of 
honey and of pollen, the bee-bread,*’ which is collected 
as food for the young brood. The bees are quite as useful 
to the Wallflower as the Wallflower is to the bees, for in the 
course of their visits they do it the essential service of 
bringing the pollen on to the stigmas of its‘ flowers, and so 
ensuring fertilisation. We have already seen that there are 
two large honey-glands or nectaries in the flower. The 
honey formed by these glands collects in the pouches of the 
inner sepals. As the bee thrusts its proboscis down between 
the stamens and the pistil in order to reach the honey, its head 
comes into contact with the inner side of the anthers, on 
which a mass of loose pollen is hanging, for the anthers are 
introrse, i,e, they open on the inner side. When the bee 
flies to another flower, it is pretty sure that some of the 
pollen which has stuck to its head will be brushed on to its 
stigma. If this happens, as it generally will, cross-pollinaiwn 
will be effected, Le. the stigma of one flower wdll receive 
the pollen of another, and this will often happen between 
the flowers of different plants. The chief way in which 
bees and other insects are of use to flowers is in bringing 
about cross-fertilisation, which, as Darwin’s experiments 
prove, usually produces more and better seed than fertilisa- 
tion by pollen of the same flower. In the Wallflower, how- 
ever, self-pollination is also provided for ; the anthers of 
the longer stamens rise up immediately above the stigma, 
and some of their pollen will be almost certain to fall upon 
it. It is also, of course, possible that the insect may happen 
to brush some of the pollen on to the stigma of the same 
flower. Probably this does not happen very often ; for 
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generally, as the bee works round the dower, one side of its 
iiead will touch the anthers, while the opposite side brushes 
against the stigma. In any case,, the Wallflower, is sure to 
be cross-fertilised veiy often ; and if this fails, owing to bad 
weather and the absence of insects, there is still self-fertilisa- 
tion to be relied on, which is a great deal better for the 
plant than no fertilisation at all. Many other, flowers have 
much inore elaborate arrangements ensuring cross-pollina- 
tion, and rendering self-pollination impossible, but the 
simple mechanism of the Wallflower is efltective enough. 
Some flowers, however, as the Garden Pea (Pisum 
sativum), are habitually self-pollinated. 

All that an insect directly does for a flower is to perform 
the act of pollination, i.e, to bring pollen on to the stigma. 
If all goes well, this act has its proper effect, f.e. the feriilisa- 
tion of the ovules. 

Hence it is usual to speak of bees and other insects as 
fertilising flowers, though they are really only concerned in 
the preliminary process. 

Now we will assume that the pollen has reached the 
stigma, whether by the agency of some insect or directly 
from the anther, and will see what happens next. 

The surface of the stigma, as we have already learnt, is 
coated with long unicellular hairs or papillse, between which 
the pollen-grains are caught. These cells secrete a slightly 
sticky fluid, containing sugar in solution, which the pollen- 
grains absorb. In consequence of this they begin to swell, 
m can be seen under the microscope, and the thin parts of 
their walls become bulged out. Under the influence of the 
food w^hich it obtains from the stigmatic fluid, the pollen- 
grain begins to germinate. At one of the places where its 
outer coat is thin the protoplasm grows, and forms a pro- 
trusion covered by the thin cellulose membrane ; this 
protrusion, increases in length and becomes the pollen-tube. 
The greater part of the contents of the pollen-grain, including 
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all the three nuclei, pass into the tube, which continues its 
erowth makes its way between the stigmatic cells, and 
penetrates into the tissue of the style below (cf. Fig. 83, from 
the Lily). It grows on among the cells of the style, and at 
last reaches the cavity of the ovary. Here the pollen-tube 
follows the placenta. When it reaches an ovule which is 
ready for fertilisation, the tube curves away from the 
placenta, and follows the funicle, until its end reaches the 
micropyle of the ovule (Fig. 43. We are at present 

unable fully to explain the causes which direct the growth of 
the pollen-tube with unerring accuracy into the micropyle 
of the ovule. Recent researches make it probable that the 
apparent attraction is due to some sugary substance secreted 
by the ovule. The tube grows on through the narrow 
pLsage and eventually its tip reaches the summit of the 
embryo-sac, and meets the pointed ends of the synergidx. 

And now the growth of the pollen-tube has reached its 
limit and its destination is attained. The length of the 
tube’is enormous compared to the size of thfe pollen-gram 
which produced it. In the Wallflower the distance from the 
stigmatic surface to the lowest ovule in the ovary is about 
6 mm. (i in.) in a straight line. The diameter of the pollen- 
grain is about -oa mm. 

The tube does not really grow straight, so that we shall 
be within the mark in estimating its length on the average 
at about three hundred times the diameter of the pollen- 
grain before germination. There are other plants m which 
the growth is ten times as great, or even more It is evident 
that this enormous growth is only possible if food is taken 
up on the way from the cells of the style and ovary. In fact, 
the germinating pollen-grain lives at the expense of the 
tissues of the pistil, just as a parasite lives at the expense of 
its host We must not, however, suppose that the whole 
tube is filled with protoplasm. The cytoplasm with the 
nuclei is at all stages of grow^th to be found m the growing 
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end of the tube. All the older. part of the tube is' almost 
empty. 

It is quite easy to cultivate the pollen-grains and make 
tliem germinatej if we provide them with an artificial stig- 
matic fluid. All that is necessary is tO' put some .. of .the, 
grains into a drop of sugar-solution on a glass slide, so that 
we can 'obse.rve them, under the microscope. For the Wall- 
flower pollen a 6 per cent, solution of common sugar (cane- 
sugar) is about right. In this the grains will put out tubes 
which reach a considerable length, and the passage of the 



t u;. 45.— PolKnt-^:?rains Walliiowcn^L^crminatiiiij; in 6 per cent, 
su^ar Hulutioii. Observe the three nuclei, two of which are 
already iii the pollen-tube. Magnified about 200. (R. S.) 

nuclei dowti the tubes can be observed, The pollen-tubes 
figured (Fig. 45) were obtained in this way. 

The details of fertilisation have not been followed in the 
Wallflower, which is not very favourable for the investiga- 
tion, as the structures in question, are small. What follows 
is a general tiescription based on observations recorded on 
other plants. Reference may be made to Figs. 85, 86, and 87 
of fertilisation in the Lily, a plant iu which all the details 
have been fully worked out. 

All three nuclei travel down the pollen-tube with the 
cytoplasm. I1ie vegetative nucleus, however, i.e, that whidi 
was the product of the first division (see p. 99), becomes 
disorganised and disappears, having nothing further to do 
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with the process of fertilisation. The two generative nuclei 
alone remain, and when the pollen-tube has penetrated the 
micropyle of the ovule and reached the embryo-sac, these 
nuclei are to be found in the cytoplasm at the extreme end 
of the tube. The cellulose wall of the end of the pollen-tube 
is very soft, and allows the passage of the generative nuclei 
out of the tube. One of the two generative nuclei passes 
on, usually between the synergid^, and reaches the ovum 
itself. It must be remembered that these cells have no cell- 
walls, and so no resistance is offered to the passage of the 
nucleus. Ultimately this generative nucleus reaches the 
nucleus of the ovum. The two nuclei then fuse togethet into 
one, and fertilisation is effected. It is probably that in all 
cases some cytoplasm passes over from the pollen-tube 
with the nucleus, and unites with the cytoplasm of the ovum. 
What, however, we at present know to be constant in 
fertilisation is the union of the nuclei of the sexual cells or 
gametes. This statement holds good for plants generally, 
and not for flowering plants alone. The other generative 
nucleus passes farther into the embryo-sac and fuses with 
the secondary nucleus. 

f. Development of the Embryo 

The effects of fertilisation are, that the ovum develops 
into the embryo, the ovule into the seed, and the pistil into 
the fruit. We will first consider the development of the 
embryo or young plant, for this is the really important 
process, to which the changes in the ovule and pistil are 
subservient. 

The immediate result of fertilisation is that the ovum 
surrounds itself for the first time with a cell-walL Its nucleus, 
which, as we have seen, has been formed by the fusion of a 
generative nucleus from a pollen-grain with the original 
nucleus of the ovum, next undergoes division. This division 
of the nucleus is followed by that of the cell, which divides 
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by a transverse wall into two cells. Repeated transverse 
divisions then go on, until we have a row of several cells 
(see Fig. 46, A) attached at one end to the wall of the 
efiil.)ryo-sac near the micropyle, while the other end of the 
row hangs freely in the interior of the sac. The last cell at 
the free end is nearly spherical, and larger than the rest. 
The whole structure at this stage is called the pro-embryo. 
The round cell at the end is called the embryonic cell ; the 
rest of the row is the smpensor. From the “ embryonic cell '' 
the greater part, but not the whole, of the young plant is 
formed. This cell first divides by three walls, two longi- 
tudinal and one transverse (see Fig. 46, A and B, e), cutting 
each otfier at riglit angles, into eight cells,, the , octants. 
Next, each octant divides by a wall parallel to the outer 
surface, into an inner and an outer cell. The eight outer 
cells thus cut otf form the dermatogen of the embryo (see 
Fig, 46, C, ( 1 ), Their further divisions take place entirely 
by walls at right angles to the surface, so that the layer re- 
mains one cell thick. It gives rise to the entire epidermis of 
tlte shoot, and to no other tissue. 'J'he eight inner cells then 
divide in their turn, forming a central group and an inter- 
mediate layer (see Fig. 46, D), The central group becomes 
tlie plerome, from which the central cylinder of the em- 
bryonic stem is developed, white the intermediate layer 
between plerome and dermatogen becomes the periblem, 
from which the cortical tissues arise. 

The hypophysis or last cell of the suspensor, immediately 
adjoining the embryonic cell, also contributes something to 
the formation of the embryo. It divides by a transverse 
wall, and the daughter-cell next the embryonic cell by its 
further divisions forms the root-cap and periblem of the 
root (see Fig. 47, r.r. and r), while the plerome of the root 
is formed from the same central group as that of the stem. 

We see, then, that the apex of the root is turned towards 
the siispensor and the micmpyle, as is always the case in the 
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,-,f, .A —Develiipment of the embrj’o of Shepherd's Por-o-'- 
basil cell of suspensor ; e, embryonic groiip ; </> 
mat 0 M^ t hypophysis ; g.p. future growing-pomt of 
stemt ct\ cf, cotyledons; Rf. penblem ; 
nlerome • r/ s., cells derived from the hypophgts. I he 
KTyle is below the suspensor. (After tianstem.) 
Magiiiticcl ubuut 200. 
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embryos of flowering plants. The apex of the stem, is placed/ 
exactly at the opposite end' of the embryo. , 

As growth proceeds, the embryo ceases to be spherical 
It first becomes flattened at the top and then heart-shaped, 
(see Fig. 47), forming. two lateral protrusions. , These are 
the ajtykdons (Fig. 46, I), and 47, C 3 ?), the two fi..rst leaves,. 

of the embryo* The .grow- 
ing-point of the stem lies 
between them {g*p)^ but its 
development does not begin 
till later. The Class of the 
Angiosperms to which the 
Wallflower belongs derives 
its name, Dicotyledons^ from 
the fact that its embryo 
normally has two seed- 
leaves or cotyledons, The 
growing-point of the em- 
bryonic stem in this Class is 
constantly terminal (i.e, in 
the middle line of the em- 
bryo, at the end fiirthest 
from the micropyle), and 

Older stage of same ; the .the two cotyledons lateral 
two cotviedons now project /• i <• , r 

iH'yofK! the growing* point, ■ r, each Side of the 

perihleni of root ; r.f, root-cap. erowing-point). 

Other letters as betore. (After . ^ , ,■ 

llanstem.i Magnified about 200. As the embryo attains its 

■ full size it gradually occupies' 

the whole of the curved embryo-sac, and therefore of neces- 
sity becomes curved itself, so that the cotyledons are bent 
back and lie parallel to the young root or radicle. In the 
Wallflower the cotyledons are so placed that their edges 
are turned towards the radicle (see Fig. 49) ; in this case 
they are said to be accumbent. This, however, is a character 
of no great importance, as it varies in closely-allied plants. 
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g. The Endosperm 

As already pointed out, a double act of fertilisation takes 
place within the embryo-sac ; in addition to the fertilisation 
of the ovum, the second generative nucleus from the pollen- 
tube unites with the secondary nucleus of the embryo-sac, 
itself, as we have seen, the product of a nuclear fusion. To 
this subject we shall return when we come to our next type, 
the Lily (Fig. 86). This fertilised nucleus of the embryo-sac 
undergoes repeated divisions, and around the daughter- 
nuclei cells are formed. In this way a little tissue is pro- 
duced, called the endosperniy a name given to the tissue thus 
formed in the interior of 
the embryo-sac, and out- 
side the embryo, after A y^^'\ 

fertilisation. , But in the ( 
ease of the Wallflower and 
all its immediate allies, 

Mch as the Cabbage, 

I urnip, Shepherd S Purse, up with endosperm by cell-division. 

W-itorrrpsci and nlentv of endosperm ; cwi, pnbryo. (After 

watercress, ana plenty or Hegelmakr.) Magnified about 250. 

other , well-known plants, 

the greater part of the endosperm is only a temporary 
structure. It never attains any considerable size, and 
is to a great extent used up as food by the growing em- 
bryo before the seed is ripe, only the outermost layer being 
persistent. Seeds wdiich when ripe contain nothing besides 
the embryo are called exalbmninouSy because they contain no 
albumen, an old-fashioned name applied to the endosperm 
and analogous tissues from a fancied resemblance to the white 
of an egg. The Wallflower seed^ is commonly described as 
exalbuminous ; but this is not strictly true, for we know 
from recent researches that one layer of endosperm at least 
is persistent. In many plants, the embryo-sac becomes 
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completely filled with endosperm, the embryo., .itself occupy-' 
ing only a small space. Such seeds a.re said to be albuminous.. 
Big. 48 shows a young embryo-sac filled with endosperm, 
from the Elder. (See also Fig. 91.) 

.h. The. Ripe Seed 

We will now complete the description, of the' seed^ 'w.hich 
is the fertilised ovule, with its contents. ’The nucellus, as 
we have seen, disappears in great-. part even before fertilisa- 
tion. By the time the seed is ripe scarcely a trace of it 
remains except a little group of cells at the chalaza, in contact 
with the tips of the cotyledons of the embryo. The in- 
teguments, on tlie other hand, remain (though some of their 
layers are old iterated), and develop into the hard seed-coat 
or testa, whicli when the seed is ripe consists of several layers 
of cells (see Fig. 49, /). On the extreme outside is a layer of 
clear cells with very thick walls, so thick that there is no 
cell-cavity left at all. I'hese walls are mucilaginous, and 
swell up in water, rendering the seed-coat sticky, and causing 
it to adliere to the soil or to anything which it touches. 
Beneath this are two or three layers of brown cells,, more or 
less flattened, and on the inside of the seed-coat next the 
cntbryo is a layer of thin-walled cells, wdth very abundant 
contents, consisting chiefly of nitrogenous food-materials in 
the form of protein granules (see p. 33), 'This innermost 
layer belongs to the endosperm, of which it is the only 
remnant. The .outermost mucilaginous layer is the epidermis 
of the outer integument ; the brown cells in between belong 
partly to one integument and partly to the other. The 
funicle remains as before, and its vascular bundle can still 
be traced in the ripe seed. The micropyle is closed while 
the seed is ripening, but it still has a part to play, as we shall 
see presently, 1.lie ripe seed, then, consists essentially of 
the fiiiiicle, the testa or modified integuments, and the 
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embryo. The whole interior of the seed is occupied by 
the large curved embryo. At" the end next the micropyle 
is the radicle of the embryo, and above this is the hypocotyl 
At the upper end of the latter the two broad cotyledons are 
borne, and between them is the plumule^ or growing-point 



¥ui. Seed of Wallflower in section- passing between coty- 

/?, I, testa ; w, micropyle /, funicle ; r, radicle of 
eiiibi yo ; above this is the hypocotyl ; g.p^ growing-point of 
stern; c , c«nc of the two cotvledons. Magnified about so* 

S.l 

of the Stem (see Fig. 49). Many seeds contain a much larger 
tmnmnt of permanent food tissue, in the form of endosperm 
within the embryo-sac, to be used during germination, 
Buttercup, Foxglove, Castor-oil seed ; while in a few the 
riiicellus is persistent, ft>rining the perisperm, e.g. Pepper, 
Water Li!). 
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'I'hc pistil ripens into 



50. *™'rhri*c imtare fruits of 
the Wallflower, borue on the 


peiiiilcie. 

1. Fruit still dosed. a\ line of 

transverse sectioiij as shown 

SI. 

2. Fruit dehiscing, t?, tJ, the open 

valves ; r, replum., seen edge- 
ways, with seeds attached. 

3. Fruit after valves have dropped 

off, seen in plane of replum, 
r, A\ sepuiin stretched across 
replum ; sti, seeds, showing 
parieuil placentation ; s/, 

s! I gimp in all three fruits 
i s>f natural si/.e. (R. S.) 

sides of the fruit split away f 


.. The Fruit 

it or' seed-vesseL . In doing 
$0^ .it increases' greatly . in 
bulk, growing from a: 
quarter, of an inch to ' two 
inches or more in length 
(Fig. 50, i). Its tissues 
show changes of some in- 
terest. .Perhaps , the , most 
importa.Et. change' is . the 
development of a layer of 
very thick- walled, .elongated 
■cells {sckrenchyma) from 
the inner . pare,nchym,a, . ad- 
joining the ^ layer vvliic.h 
lines the cavity of the fruit. 
The parenchyma ' 1 y :i n g 
between the sclerenchyma- 
tous zone aiui the epidermis, 
contains chlorophyll. ■ The 
outer epidermis is densely 
clothed with overlapping 
hairs of the usual ' Wall-, 
flower type, and has'.iuiin- 
erous stomata. 

As the fruit matures, its 
tissues give up their water 
and become dry and rigid.... 
When quite ripe, it . splits 
open, or dehisces^ owing ',tO: 
the unequal contraction, of 
the harder and softer layers 
of the carpellary walls. The 
om the replum or persistent 
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placentas the severance' beginning below , and ' extending 
upwards. The valves thus. formed remain for a time attached 
at the top (Fig. 50, 2). When they fall the.'replum, is left, 
intact, with the seeds attached .to it, .and the papery, se|^nm 
stretched across it (Fig. 50, 3). ■ A fruit,. of this kind is called 
a Siliquih 

The lines along which , dehiscence .is to take place are, 
inarked out beforehand as. thinner bands in, the wall (see 
transverse section, Fig. 51, d). A. special layer' of sepa.ra« 


lot.. 51, — t‘riii 3 sverse section of 
vounK fruit tt Wallilower (seeds 
funiited), «/, thin portions, of 
rn'ary wall, where dehiscence 
takes place ; s, i.\ septum, W'h.ich 
is in two parts ; c.n, epidermis ; e.i, 
layer cavity ; st\ scleren- 

chyina, ‘The tluck masses of 
tissue at the two ends of the 
septum to the repium. 

Magnified alHUit K |H. S.) (Cf. 
log. 50, arul Figs, t), lo, ii,-. pp. 
16 .lid 


lion is formed at these places,' the cells -of which split apart 
chiriiig dehiscence, and .so,Tel.e.a'se the valves. 

'The thill, Hat seeds hang on to the rephira for a time and 
then fail, er are lilown olf by the wind, on to the ground. 
Tlie seeds are light and are easily blown about by the wind. 
In this manner they may become widely dispersed from the 
parent plant. Tliis illustrates an important liiological 
principle, viz. that nearly all organisms have some effective 
nieaiLH tif tiispersal lids results in less intense competition 
between iridividuals of the same species. If a number of 
wallilower seeds germinated together, the seedlings would 
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compete for light and nutrients, and only a few would 
survive, whereas if the seeds were scattered widely on to 
suitable soil, all the seedlings would have a good chance of 

survivaL' ■ ' ' 

k. Germination and Life-History 

When the temperature is sufficiently high, and the weather 
is moist enough for the seeds to take up a supply of water, 
the process of germination begins.^ By germination is meant 
the development of the seedling from the embryo contained 
ill the seed. ■ 

'llie mucilaginous layer of the testa takes up water in large 
quantities, swells into a slimy coating, and thus helps to fix 
the seed to the soil Part of the water which is thus taken 
up is passed on to tl^e embryo inside, and stimulates it after 
its hing rest to renewed growth. The hypocotyl and radicle 
begin to elongate rapidly, and the apex of the latter is 
forced out thrmigh the micropyle. In whatever position the 
germinating seed may He, the radicle as soon as it becomes 
free curves, so that its tip is directed straight downwards, 
and at once penetrates the soil (see Fig. 52). As soon as 
this has happened, the young root immediately begins to 
devehjp root-hairs, which take a firm hold of the particles 
of soil, and serve both for nutrition and for the fixing of the 
plant during its subseqtient growth. Meantime the hypo- 
cotyl grows very rapidly, and curves $0 that the apex of the 
stem comes to point directly upwards. The cotyledons for 
a time remain imprisoned in the seed-coats, which are lifted 

^ When same seeds are shed they m'e not immedmteiy capable of 
i4fr!nin4itioii» In ntany seeds germination is dependent also upon access 
of oxygen and ready removal of carbon dioxide from the seed. In othei' 
seeds, i\g. legumcb, the seed coat remains impermeable to water for a 
funsitlerable time despite soaking, if, however, the seed coat is bnAen, 
water can enter iiml germination proceeds. iMost seeds begin to ger- 
ininau* as well in darkness as in light, but a few will only germinate when 
exi'iosrti to light. 
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up with them above the level of the ground, but they soon 
spread themselves out flat, and in doing so strip off the 
seed-coats* Cotyledons which are raised above the ground 

are said to be 

We see, then, that in germination the root grows vertically 
downwards and the stem, vertically upwards, while the 
cotyledons take an approximately horizontal position. The 
apex of the stem {the plumule) now begins to dev^elop further 
and form leaves. Tlie root at the same time puts out the 
first lateral rootlets, and we may 
now regai'il germination as com- 
f)leted ; the eniluyo f)as become a 
seedling (see Fig. 30). ■ 

The food-supply necessary ■' for 
gt‘rniiiiation is ohtainetl at first from 
the organic substances (starch, etc.) 
stored up in the cot\ledons them- 
selves, and in part also from the 
remaining layer of endosperm, which, 
as we saw above, is rich in protein 
granules. 'Fhe food in most seeds 
is stored as many of which 

are insoluble in water. Before this 
reserve food can lie used for growtii 
during the process of germination, 
soluble by the action of enzymes.* 
instance, is converted into soluble 
of dtasimv. As soon as the root-hairs have taken hold 
of the soil, the seedling can begin to supply itself with 
mineral food, but it is only when the cotyledons have 
expanded and become green that carbon-assimilation can 

’ iirr of complex coinposititm, in the presence <*i' 

winch certain cliemical ehangeii are rapidly elfeeted, chani^eH which under 
other coiKiitioiw proceed slowly and perhaps so' slowly as to be negii|:»ible. 
individual rcIL of ariimals and plants may contain many kinds of cii/.ymt‘s. 



Fku 52. — Gcnninating 
seed tjf WallHower. f, /, 
burst testa ; c, cotyle- 
dons ; /i, hypocotyi ; r. 
root. MapnuBed about 
■ 5.. (H. S.) 

it must be rendered 
Insoluble starch, for 
sugar by the action 
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begin and ' new organic substances , be formed* We .see* 
then, that in this plant the' cotyledons , have a' double 
function ; they serve at first as,,, stores of ready-made food 
for the seedling, and , afterwards they act ,as ■ assimilating 
leaves, and can. manufacture new food on their' own account. 

Ill most of the points , described the germination ' of ' the 
Wallflower may be regarded as typical of that of the; Dicoty-. 
ledons generally. For example, the exit . of the , radicle 
through the micropyle is'very-. constantly the. fi.,rst stage, .in 
germination. The behaviour; of. the cotyledons, however, 
differs much in different members of the' .Class. .In some 
plants, such as the Broad Bean Fkiri), the cotyledons 

.never rise above the ground at all, but se,rve simply as store- 
houses of food, tl'ie first assimilating leaves being those of 
the pliiiiiiile. Such cotyledons a.re said to be hypogeaL In 
seeds, again, which when ripe contain abundant endosperm, 
the first duty of the cotyledons is to absorb the food which, 
the endosperm contains, and they do not emerge from the 
seed (if they do so at all) until this has been accomplished. 

One important feature concerning the biology of seeds 
remains to be mentioned. Many seeds, including those of 
the Wallflower, can retain their vitality for several years 
in the dry state, or even if they are buried at some depth in 
damp soil. Such seeds are said to be dormant. In them 
the life processes, including respiration, are almost com- 
pletely in abeyance. When conditions become favourable, 
even after the lapse of years, germination proceeds normally. 
There is a limit, however, to the period during which seeds 
can retain their vitality in a dormant condition, and there 
is no truth in the claim sometimes made that grain recovered 
from the tombs of Egyptian mummies is now capable of 
germination. 

Seeds are extremely effective reproductive units, and it 
is probably largely on account of their efficiency that the 
Flowering Plants are now the dominant features of the 
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vegetation of the world. Seeds can survive under conditions 
of drought and temperature 'which would be fatal to the 
plants which produce them. 

The Wallflower has been described as an herbaceous 
perennial in its natural habitat. It flowers in its second and 
each succeeding year until it dies. In British gardens, 
however, the Wallflower is usually treated as -a hienmal 
plant. The seed is sown in late spring or early summer, 
and after being transplanted once or twice the young plants'' 
are finaily set in the autumn in the beds where they flower 
in the following spring. After fl.owering they are usually 
discarded. This is because older plants grow somewhat 
lanky and look ungainly, and also because old plants in 
Britain seem to be much more damaged by frost than are 
}a>ung ones. A biennial plant is one which grows only 
vegelati\'ely and stores up food in its first year, flowers in 
its second year, like the Carrot, and then dies. Other kinds 
of perennials, e,g, shrubs and trees, have already been 
mentioned, but there are many plants whose life-cycle is 
completed within a single year or even within a few months : 
these arc called annuals or ephemerah. For example, the 
common weed Shepherd^s Purse {Capsella Bursa-pastoris) 
cotnpleles its life-cycle in the course of a few weeks under 
faviHirable conditions. 


CHAPTER ^ I I 


•; TYP.E II 

y THE WHITE LILY {UKuni cm£dmi,X:)^: ^ 

It imitters little which of -the common kinds of'rLily we 
take for our type. The following description refers' in the 
main to the White Lily,,bnt the 'general Figs. 53 and, '54 
are of JJlium and some of the other figures refer to 

different kinds. 

'File Whitt; !a*ly grows wild in Southern Europe, Persia, 
and the Caucasus, and is one of. the commonest Lilies 
eulti\ated in gartlens. Unfortunately it is very liable to 
disease in Britain. 

I. EXTERNAL CHARACIERS 
A. Vl-GErATlVK ‘OrcJANS 

fn cultivation, Lilies arc usually raised from balds. A 
bulh is really a large underground hud. It consists of a 
short conical stem, covered with densely-crowded, spirally- 
arranged, thick scale-leaves, tvhich completely coat the 
surface, leaving no internodes between them, ITic base of 
the bulb produces fibrous roots. The bulb is that part of 
the plant which persists at all times, in winter as well as in 
summer. During the winter the scale-leaves contain stores 
of food-material, which, were laid by during the previous 
summer, wliile the green foliage-leaves were assimilating. 
When growth begins in spring, the short conical axis of 
the bull) grows straight upwards into a tall stem, produc- 
ing the foliage-leaves, and ultimately the flowers. After 

U4' 
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blossoming, the whole of the flowering shoot of the White 
.Lily dies, and for a month or two there is no sign of life 
above ground. . ■ ' 

The White Lily is peculiar, inasmuch as it produces two 
sets of green foliage-leaves. ■ 

One set appears in autumn, 
arising at the base of the ' ' 
rudimentary flowering stem 
of the following year. ■ The ^ 
other set is borne in summer ^ 
on the tall flowering stem . 
itself. Tf w^e examine a plant ^ 

of the White Lily in autumn, " ' , 

after the flowering stem of 

the past summer ..has died 

down,' we see a group of 

broad lanceolate green leaves, 

the ^^bases of which are im- *' 

hiddm in the earth. ^ These 

If we' dig up the whole 
plant and look at it closely, 
we find the following struc- ^ 

, ^ -ji.r Fjg. — General view of nower- 

turc t on the outside oi the steim of LUinm aumtum. 

bulb there are a number a photograph. Much 

^ 1 1 • 1 1 1 reduced ; the plant was about 

of broad, thick scales, each 5 ft, high, 
of which has a blunt 

withered tip. These scales [b^ Fig. 55) are the persistent 
bases of the ground-leaves of the year before. They are 
spirally arranged, and if we remove them one by one, we 
find opposite the innermost of them the decayed base of 
last siiromer^s flowering stem {a. Fig. 55). After these .scales 
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are removed, we come upon bud-scales of another kind ; 
these arc thick and fleshy like the former, but differ from 
them in having pointed and uninjured tips (c. Fig. 55). 
'Fhe pointed scales are complete leaves which have never 
developed any further ; they also are spirally arranged. If 
vvc remove these, we next come to the green ground-leaves 
of the present season {d, Fig. 55). Their bases are already 
somewhat swollen, but not nearly so much so as they become 



Fkj. 54. — Mowers of Lilitm atiraium. From a photograph. 
Reduced. 


later. Removing these again, we find that they surr<>imd a 
large bud (Fig. 56), which is the yonng flowering stem ready 
to develop next summer. The leaves of this bud {b, Fig. 56) 
are simply the future stem-leaves of the flowering stem. In 
the axil of the innermost of the grouml-lmves, and therefore 
at the base of the young flowering stem, w^e find a tiny bud 
(r, Fig. 56), with only two or three very minute scales. This 
is destined to develop into the next yearns bulb and stem. 
We find, then, that the White Lily bulb consists of (1) the 
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base of the old stem, bearing the remains of its ground-leaves, 
(2) the new stem which arose in the axil of the innermost 
ground-leaf. On this new stem the first leaves are the 
pointed bulb-scales which never develop any further ; then 
the ground-leaves, which come up in autumn ; and lastly, 



Fig. 5 5. —“Bulb of White. 
Lily in autumn., r, 
roots ; by blunt bulb- 
scales formed from 
bases of old ground- 
leaves ; a, remains of 
old flowering stem ; 
c, pointed bulb-scales 
of new stem ; f/, 

ground -leaves of new 
stem. 



Fig. 56., — Young 
flowering stem 
removed from the 
middle of bulb 
in Fig. 55. 
surface of stem ; 
/», undeveloped 
stem-leaves ; r, 
bud from which 
next year*s bulb 
will arise, (Both 
after Irmisch.) 


the stem-leaves, which can only expand when the flowering 
stem develops next summer. The little bud (c, Fig. 56) will 
repeat this whole process a year hence. In vigorous plants 
more than one of these buds may be formed, each giving rise 
eventually to a new bulh. 

All Lily bulbs are not so complicated as this. In the 


KLOWkUlNd PLANTS 


izS 

Turk’s Head {L Martagm) and ' the Royal .'Lily (L. regah), 
for install, ce» there are no ground-leaves, and consequently, 
no scales formed from their bases ; all the bulb-scales here 
are of the pointed kind, Le. they - are all complete but 
simplified leaves. 

The leaves of the flowering stem,' are a,r, ranged spirally. 
The p.!iyl,lotaxis is not very regular, but a divergence of § is 
coin,moii, i.e, if we trace the spiral upwards, each leaf is in 
this case separated from the 'one next, above it by § of the 
circumference of the stem. 

The leaves arc lanceolate in form, without petioles, and 
have a base which embraces about | of the circumference 
of tlie stem. The autumnal ground-leaves chiefly differ 
from .tlie stem-leaves in being stalked, and in, having a 
swollen base, and also in their broader ovate-lanceolate form. 

'Fhe arrangement of the veins in the leaf is different from 
what we found in our dicotyledonous type. In the Lily all 
tile principal veins run from end to end of the leaf, and are 
approximately parallel to each other. The veins near the 
middle of the leaf run almost straight, while those towards 
the edges are more and more curved, so as to follow the out- 
line of the leaf. There are generally three veins more 
strongly marked than the rest, the midrib being most 
prominent of all. These larger veins form projecting ridges 
on the lower surface. The longitudinal veins are connected 
by oblique branches. The whole system, therefore, forms a 
network, but of a simpler form than that in the Wallflower. 
The longitudinal veins a, re, on the whole, stouter than the 
oblique connections. There are, as a rule, no blindly ending 
branches within the meshes, another point of difference from 
the dicotyledonous type. The parallel ” type of leaf 
venation is widespread in the Class the Mmuicuiyledom 
to which the Lily belongs. The position of the blade of the 
leaf is roughly horizontal in the stem-leaves, and more 
oblique in the ground-leaves. 
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As a rule the flowering stem does not branch; there is 
a bud in the axil of each leaf, but it generally remains 
undeveloped. If,, however, the main stem, be injured, it 
may be replaced by a branch developed from one of these 
bujls. In some other species, such as L. btdbijerum, these 
axillary buds grow^ into little bulbs, which become detached 
and give rise to new plants, thus affording a good example 

mgeiaftve propagation. We speak of vegetative propaga- 
tion when a plant possesses some means of producing 
descendants without the help of the sexual organs, the 
stamens and pistil. 

In most Lilies such propagation takes place by means of 
the bulbs. We have already seen that a vigorous old bulb 
in the White Lily may give rise to several buds, which 
develop into new bulbs. While the leafy stem is assimilating, 
the young bulbs receive the food which it forms ; part of 
this they use for their own growth, the rest they store up, 
especially in the thickened scale-leaves, for future use. 
I’A-ery new bulb can form roots and a leafy stem of its own, 
and thus ultintately produce flowers, giving rise, in fact, 
to a complete new plant. In our own country, Idlies are 
usually propagated from bulbs, seedlings being^ more rarely 
iiiet'Avith. 

A striking peculiarity of the Lily as distinguished 
from the Wallflower is the absence of any main root. 
All the roots ot a mature Lily plant are borne on the 
stem,, and are called adveniitiousy as they do not arise- 
from the radicle of the embiyo. Usually it is the base 
of the stem, at the bottom of the bulb, which bears them ; 
sometimes, however, roots also arise from the lower part 
of the flowering stem above the bulb. When a Lily 
plant is very young, it has a main' root formed from 
the radicle of the embryo, but this root soon dies 
away, and tlie root-system Is hence.forth entirely pro- 
duced from the stem. Most members of the Class to 
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which the Lily • belongs (Afo«ocoijMo«s) lose their main 
root early, and replace it by adventitious roots. 

B. I’he Flowers 

flowers are borne in a terminal raceme, they spring 
from, the elongated main axis — the older flowers below, 
the younger above ; each .flower is stalked, and grows in' 
the axil of a small leaf called z bract. 

The flowers are large, and very easy to examine.. The 
first great difterence which we notice, from the Wallflower, 
is that the whole perianth, including both calyx and corolla, 
is coloured alike, and its leaves are all of about the same size. 
In the bud, when just about to open, the three outer perianth 
leaves or vsepaLs enclose all the other organs, only the midribs 
of the petals showing between them. A good idea of the 
arrangement of the parts of the flower is obtained by ex- 
amining a transverse section across a bud (see Fig. 57 ; 
also diagram, Fig. 79). 

The sepals are three in number, and are all inserted at 
one level, forming a single whorl. They are lanceolate in 
shape, and their venation is much like that of the green 
leaves, only less conspicuous. In the bud each sepal is 
somewhat hooded, so as to arch over the other organs. At 
the base of each sepal, on its inner side, is a shallow groove 
with raised sides, into which honey is secreted. 

The three petals also form a whorl, and stand opposite 
the spaces between the sepals, or, in otlier words, are alter- 
nate with them. The petals ate narrower at the base than 
the sepals, but ratlier broader above. A petal differs from 
a sepal in having a well-marked midrib, whicli projects as a 
ridge on its outer or lower surface. On either side of this 
ridge is a deep furrow, into which in the bud the edge of 
the adjoining sepal fits (see Fig. 57). 'Fhe side veins of the 
petal di\'erge from the midrib, running obliquely upwards 
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and outwards to the edge, these veiris being connected by 
oblique branches to form a network. At the base of each 
petal is a honey-bearing groove like that on the sepal. 

T'he andrcecium consists of six stamem, in two whorls of 
three each. The outer whorl is alternate with the petals, 
and therefore opposite the sepals. The inner whorl is 
alternate with the outer, and therefore opposite the petals. 
In fact, all through the flower the successive whorls of three 
alternate regularly with each other (see Figs. 57 and 79). 

The stamens have long filaments and large versatile 
anthers, i.e. the filament in the mature state is attached to 


Fig . 57 . — Transverse 
section across a 
flower- bud of the 
White Lily. 5, one 
of the three sepals 
(unshaded) ; p, one 
of the three petals 
(shaded) ; one 

of the six stamens 
i n t w o whorls 
of three ; O, pistil 
consisting of three 
carpels. Magnified 
about 8. (R. S.) 

(Cf, Fig.79.P- 153-) 

the back of the anther near its middle, so that the anther 
swings freely upon the filament. In all essentials the 
structure of the stamen is like that of the Wallflower, but 
its large size in the Lily makes it much more favourable for 
study. The anther consists of a connective and four pollen- 
sacs. Here, as in our former type, the two pollen-sacs on 
the same side of the anther become fused when it is ripe, 
so that the mature anther has only two cavities. Here also 
the anther is introrse, i.e. it opens on its inner side. 

In the middle of the flower is the pistil or gyncecium. The 
ovary is cylindrical and ribbed, the style about twice as 
long as the ovary and surmounted by a large three-lobed 
10 
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Stigma (see Fig. 82), the velvety surface of which is visible 
even without a lens. The pistil is -syncarpous ; the carpels 
are three ^ in number, and alternate with the inner whorl of 
stamens. The ovary is three-chambered ; the ovules are 
numerous, and are inserted in two rows in. each chamber, 
arising at its inner angle ; in other words, the placeiitation is 
mile (see Figs. 57 and 79). 

we suppose each of the carpels .folded inw^^ards until its 
edges meet, and then all three carpels closely joined laterally, 
the united edges of all three meeting at the middle, we shall 
have a good idea of the structure of the ovary, though not 
one which is strictly accurate according to the development. 
In this ovary, as in many others, the ovules are inserted on 
that part which corresponds to the margins of the carpels. 

The development and minute structure will be dealt with 
below (p. 151), 

IF fATERNAL STRUCTURE OF THE 
VEGETATIVE ORGANS 

III the Lily we shall find the same great systems of tissue 
.which we observed in the Wallflower, and their general 
'ifrtngement is also similar. There are, however, some 
!felMd differences between the two types, chiefly connected 
mth the course and development of the vascular bundles. 

' . a. Stem 

We shall find it best to begin with the leafy flowering 
(see Fig. 58). If we examine a transverse section 
]#if0Ugh an internode, the first thing that strikes us is the 
well defined central cylinder, limited on the outside 

"" *011 the wuie view of the morphology of iht* o\iiry ii> that 

g 'footnotti on p. 22, E. R. BaunUeru coositkrh that tht* ovary of thv 
lily coHsiyts of six carpels, an outer whorl of three which are sterile 
;i^|#rinating with att inner whorl of three which arc fertile. 



TIIK WHITE LlhY 


by a zone of tliick-walled cells (pc in Fig. 58)* In the 
central cylinder we see the transverse sections of a large 
luiinher of vascular bundles (b)» They do not form a single 
riiig» as in our dicotyledonous type, but appear at first sight 
to be irregularly scattered. We can, however, make out an 
arrangement in concentric rings, though they are not very 
regular. Towards the middle of the stem we find the larger 



Ful 5H, -'Trarwvcrce section of the Howering stem of White 

lily. Somewhiit diiigrammatk. pc, thick-walled peri- 
cycle, h;»rr»iiig outer limit of central cylinder ; one of 
the small vascular bundles on its way from a leaf ; />3, 
bundle cut through on its inward course t bi, one of the 
principal bundles which form the inner riitg. Magnified 
about an times.' (R, Sif 

Vilscular buiulles forining an irregular ring (Aj). Htirroiind« 
iiig these is a zone of smaller bundles -(A^) i while quite at 
the outside of the cylinder, next the thick-walled tissue, we 
find the smallest bundles (A^), which do pot, however, form 
a complete ring. Now, this arrangement in irregular con- 
centric rings is characteristic of the vascular l>und!es of 
!uost Monocotyledons us distinguished from the Dicotyle- 
dons, in which we usually find ^ a single and regular ring. 
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This differeitce, in the transverse section . depends on, the 
course of the vascular bundles through the ste.oi. Here, just 
as in Dicotyledons, all the bundles are common to leaf and 
stem— that is to say, each. bundle in the stem. is the direct 
downward continuation of one which comes from a leaf. 

The diagram (Fig. 59) will help us to 
understand this, though it is much 
simpler than the reality. We see that 
each bundle on entering the stem from 
a leaf (/) passes very gradually inwards, 
until it is only a short distance from 
the middle of the stem. It then turns 
straight down, and at last joins on to a 
bundle which starts from a lower leaf. 
Now, this course is not ' essentially' 
different fromwhat we found in the 
Wallflotver. The great difference in 
the transverse section depends on the 
fact that the bundles pass very 
gradually inwards, so that when we 

' ‘shc™'’.-^.!irse ’oT’tKe section passes 

bundles in the h<j\V" through a number of them at various 

rf"he1Xn‘ssa'n of their inward course. 'Fhus 

in longitudinal sec- the small Outer bundles (Fig. 5;8, h) 
lion. U insertion * ...1.. ' . " ’*^1 ' 

a foliage leaf; '^h€ transversc section are those 
insertion of 11 which are nearest the leaf and have 
Falkenberg.) <>tily just entered the cylinder. (Tfic 

: outline of the cylinder is indicated by 
dotted lines in the diagram, Fig, 59.) The intermediate 
bundles {k^) are cut through at a point nearer the interior ; 
while the largest (Aj) are those which have approached: 
nearest to the centre of the 'stem and have turned straight 
down. 

In the bulb the course is stillmiore complicated, for here 
tnicli bundle first bends in towards the middle. . and ..t.hen. out 
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again, and only joins on to other bundles near the outside of 
the stcni (st*c low'cr part of Fig. 59). In the' White Lily three 
bundles enter the stem from each leaf. , 

If we now consider the structure .of the..' ce,n;tral cylinder 
or stele mcu'e in detail, w’e find that 'the vascular bundles,.a.re 



,, Fie. 60."— Fart of transverse section through flowering stem of 
White Lily, e, epidermis ; s, .stoma-; ' c.p^ cortical paren- 
chyma containing chloro-phyll ; sc^ .sclerenchyma of peri- 
cycle ; v.b, vascular bundle. .Magnified about 70. (..R. S.) 

.embedded in thin-walled, large-celled ground- tissue {con^ 
junciim parenchyma). We may, if we like, call the central 
part of this tissue within the innermost ring of bundles pith^ 
but there is no distinction in structure between this and the 
rest of tlie conjunctive tissue, all the cells of which have the 
form of vertical cylinders with horizontal ends. Thev are 
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always living cells, and besides the- cytoplasm and nucleus 
generally contain starch granules* 

The outer layers (pericycle) -of the cylinder, however, are 
different from the rest. They have thick, lignified walls, 
and are very long, with po-inted' ends {pc in Fig. 58, sc in 
Fig. .,60). As the pericycle forms a rigid case . round .: the ^ 
cylinder, it is evident that no further growth in thickness is 



p^x. 

Fjr. 61,- Single vascular bundle from the last section, .v, 
xylem ; protoxyknn ; phloem ; protophloem; 
bj, sclercnchvmatous bundle-sheath. Magnified 210. 
ill, S.) 

|K)Ssible. The pericycle here represents the chief mecikUiiail 
tissue of the stem, serving to give it the necessary stiffness. 
I'he vascular bundles themselves have on the whole a similar 
structure to those of the dicotyledonous type. They are 
colktenil, the inner half being the xyiem and tfte outer half 
the pldoeni (see Ings. 6 t and 62). Kach bundle is sur- 
rounded by a special sheath of long thick-walled lignified 
cells {A..V, ill Mg. 6i, sk in Fig. 62). There is often a group 


'lit 


of thin-walleti cells between the sheath and the inner edge 
of the xylem, which itself consists chiefly of vessels with a 
few living cells among them. The vessels are of the same 
kinds as those of the Wallflower. Starting from the side 
nearest the middle of the stem, we first find annular or 
loosely-coiled spiral vessels (often with a double spiral band), 
then more closely-coiled spiral vessels of larger sizx, and 



Fi<i. 62 .—Longitudinal radial section through a vascular bundle 
of the stem of the White Lily, sfi^ bundle-sheath ; .vv, 
xylem, or wood ; px^ protoxylem ; pk, phloem ; 5, sieve- 
tube ; e, companion-cell. Magnihed 220. (R, S.) 

finally, next the phloem, vessels with simple pits. We do 
not usually meet with bordered pits in the lJly, ' 

The phloem is of simple structure, and is entirely made 
up of sieve-tubes and companion-cells, without any fibres 
or phloem-parenchyma. (Fig. 62, ph.) Thus both xylem 
and phloifin are composed of the same elements as those of 
the Wallflower, but with rather less variety, lliere are no 
mechanical tissues in the vascular bundle. 
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The derehpmenl (>f. the- vascular 'bundle, is 'also such as 
we are already familiar with. In the xylem the first elements 
to be differentiated are those onThe extre,me inner, edge of 
the bundle (px in Figs. 61 'and 62)., As. usual, this, proto- 
xyiem may be known by 'its annular or loosely spiral vessels, 
adapted to uo„dergo much stretching a.fter 'their , walls are 
thickened. Conversely,, in the phloem, the' first cells to 
become mature are those on the extreme outer edge of the 
bundle. From these two remote points the differentiation 
advances towards the middle. But now we come to a great 
difference from our former type. In the Dicotyledon we 
found that the development of the young bundle into mature 
xylem and phloem was never complete ; there was always 
a band f)f actively dividing cells left between the two, so 
that the formation of new xylem and phloem could go on 
without limit. In other words, the bundle possessed a 
cambium, and was therefore said to be open. 

In the Idly and Monocotyledons generally, on the other 
hand, the whole of the procambial strand is used up to form 
permanent tissue. The xylem and phloem meet ; no layer 
of cambium is left between them ; the bundle is a closed one, 
and when once formed is quite incapable of any further 
growth. 

llus is one of the most constant distinctions between the 
two great Classes of which we have taken the Wallflower 
and the Lily as types. The one has open bundles, capable 
of indefinite growth by means of cambium, while the other 
(with the rarest exceptions) has elosed bundles with no 
cambium, and therefore with limited growth. 

Almost all Monocotyledons have closed vascular bundles, 
and the great majority have no cambium at all, so that the 
stem or root, when once developed from the growing-point, 
increases no more in thickness. There are, however, a few 
members of the Class, such as the Dragon-tree and Yucca^ 
which have a kind of cambium, and in which secondary 
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growth ill tliickneSvS consequently takes place. In these 
plants the cainbiiim arises' altogether outside the vascular 
bundles,' so that the growth is quite different from that 
in typical Dicotyledons. We need not, however, concern 
ourselves here with these exceptional cases. 

.The corto requires little description. Its cells have thin 
cellulose walls, and in their cytoplasm chlorophyll-granules 
are embedded, by means of which the stem is able to do 
some assimilation. 'Fhe leaves, however, are the chief organs 
.for this function. 

.The epidermis has elongated cells, and rather .nunierous 
large stomata, placed lengthw.ays, so that a transverse section 
cuts across both guard-cells. 

The base of the stem, which bears the scale-leaves of the 
bulb, has a rather different structure. The distinction 
between central cylinder and cortex is less sharp ; there 
are no chlorophyll-granules in the cortical cells, because this 
part of the stem is never exposed to light. The vascular 
biindles have a different course, as explained above. Hie 
ground-tissue contains quantities of starch and also oil. 
'Fhe reserve substances of the bulb stem are, however, 
used up ill summer, when the flow^ering stem develops, aftd 
then we find its cells almost empty. The bulb-scales, which 
we shall describe later on, are more important than the stem 
as storehouses of food. 

b. Leaf 

It matters little whether we take an autumnal ground- 
leaf or a summer leaf from a flowering stem. They are 
different, as we have seen, in shape, but in internal structure 
they are very much alike. 

We have already learnt the general course of the veins. 
In the midrib and principal veins of the larger leaves several 
vascular bundles run side by side ; the smaller veins corre- 
spond each to a single bundle. . If, we trace the bundles 
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outward from the stem into the leaf, „ we find that they im- 
mediately begin to branch, the main branches taking a 
parallel course, while they are connected by minor oblique 
strands (see Fig. 63, •vA), 

Iluis the whole surface of the lamina is provided with an 
elaborate system of conducting channels, chiefly differing 
from .that of our dicotyledonous type in the absence of 



i'lo. 63,— Part of section parallel to surface of leaf of Lily. 

■vascular bundles ; p,pi parenchyma of owsophylL Magni- 
, tied ^ about .35. (It,. B.). 

blindly ending branches, and in the strongly marked parallel 
course of the stouter bundles. In the broad ground-leaves, 
however, the parallel veins are less conspicuous, and the 
network more resembles that of a Dicotyledon. 

In the&* leaves, as in^ those of most plants, .the. rule .holds 
good that the xylem of the bundle is directed towards the 
upper and the phloem towards the lower surface. 

The minute structure of the bundle in the leaf is like that 
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in the stem. The finer bundles, however, are much reduced, 
and here we usually find tracheids instead of vessels (cf. 
P- 57)- The bundles are accompanied by thin-walled 
parenchyma, and the whole strand, bundle and parenchyma 
together, is enclosed fay a well-marked sheath of cells con- 
taining abundant starch (see Fig. 64). The parenchyma 
accompanying the bundles is continuous with that of the 
central cylinder of the stem.. 

In this leaf, as in most horizontal leaves, we find that 
tliere is a marked difference betw^een the upper and lower 


/■A 


s./>. 


Fig. 64. — Part of transverse section of foliage-leaf of White 
Lily, ey epidermis ; s, stoma ; p,py palisade parenchyma ; 
s.py spongy parenchyma ; v,hy \ascular bundle, with 
xvlem above and phloem below. Magnihed about 70. 

,(R, S.)' / , 

parts of the ground-tissue ; in fact, we have here, as in the 
Wallflower, to distinguish between palisade and spongy 
tissue. The palisade cells, however, are of a peculiar form 
(see Fig. 64, p.p.) ; they are branched, and the branches 
(two or three to each cell) are placed at right angles to the 
surface of the leaf, forming what is called arm-palisade tissue. 
The effect of the branching is that extra vertical wall-surface 
is gained for the disposal of chlorophylhgraniiles. We must 
not suppose that this kind of tissue is peculiar to Mono- 
cotyledons, 

The lower part of the tissue of the leaf is spongy ; its cells 
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are branched irregularly in all directions (see Fig. 64, s,p.)^ 
so as to leave large intercellular spaces between them. 

The epidermis consists, on both surfaces of the leaf, of 
large elongated cells, with a thick outer wall, limited by a 
well-marked cuticle. The stomata are mostly on the lower 
surface, though we may find a few scattered about in the 
upper epidermis as well Each stoma consists of two guard- 
cells, with a pore between them, leading to an air-chamber 
below. In fact, their structure is precisely the same as in 
the Wallflower, but in the Lily they are much larger and 
easier to observe. 

'rhe hulh-scales also are leaves or bases of leaves, as we 
have seen. They have, however, quite different functions 
to perform from the foliage-leaves, and accordingly have 
quite a different structure. They are not exposed to light, 
and therefore have no chlorophyll. The epidermis is 
without stomata. The ground-tissue is very abundant, and 
is all alike, there being no need for any special palisade or 
spongy tissue. "I'he cells are crammed with reserved food- 
material, especially starch, which is gradually consumed as 
the rtoweriiig stem develops. 'Fhe vascular bundles are 
much fewer than in the foliage-leaf, and their xylem is small, 
for there is no active water-current to be conducted. 

To sum up : while the foliage-leaves ate adapted to 
the functions of carbon-assimilation and transpiration, the 
scale-leaves of the bulb have only tfie work of storing up 
the food which has been formed elsewhere. 

. . .-e.. Hoot . ■ 

The main root, as w^e have already seen, only lasts for a 
short time, though it grows to a considerable length. After 
the seedling stage is past, the plant has adventitious roots 
only. Indeed, as seedling Lilies are not common in our 
gardens, the only roots which we generally see on these 
plants are adventitious ones. They usually arise from near 
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tlie base of the'.S'tem,, below the bulb-scales '(see 'Fig. 55,, r). 
They are somewhat sparingly branched. The roots are of 
large size, and .¥ery. favourable for investigation. The 
general structure follows the same lines' as that of clicotyle- 
ilonous roots, but there is this difference : a. root of the' 
'Lily, like that of nearly all Monocotyledons, has no secondary 
growth in .thickness, but has to depend entirely on its 



Fig. 65. — Transverse section across the central cylinder, and 
inner layers of cortex of an adventitious root of the Wliite 
Lily, e, endodermis ; pCy pericycle ; ph^ a phloem 
group ; .V, a xyletn group ; protoxylem at tire outer end of 
each xyiem group. Magnified about 150. (R. S.) 

primary tissues ; the latter are accordingly much more 
highly developed, in the case of the large adventitious roots, 
than is necessary in a dicotyledonous root, where there is a 
cambium ready to make good the deficiencies of the original 
structure." 

An adventitious root of a Lily is traversed by a large 
central cylinder, which includes a great many distinct 
bundles of xyiem and phloem, often as many as a dozen of 
each (see Fig. 65). They are arranged alternately all round 
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the cylinder. We thus see at once that the structure is 
essentially the same as in the young root of a Wallflower, 
but in the Lily there are many bundles of xylem and phloem, 
while in the Wallflower there were only two of each. In 
other words, the root of the Lily is polyarch, that ^ of the 
Wallflower (liarch (cf. Fig. z8). The main root of the Lily 
seedling, however, w^Hch is little more than an embryonic 
organ, is diarcli, like that of the -Wallflower. 

We notice that here also the -smallest vessels lie to the 
outside of each group of xylem. These are the spiral vessels, 
which were the first to be formed," so that here, as indeed in 
all roots, we have external or exarch proioxylem. The inner 
large vessels, which are formed later, are pitted. Some- 
times two of the xylem bundles converge inwards, and meet 
in a single vessel. 'Fhe small phloem groups have the same 
structure as those in the stem. Xylem and phloem are 
separated from each other by a layer of thin-walled tissue. 
In the root figured there is also some parenchyma in the 
middle of the cylinder, forming a small pith, but sometimes 
the xylem groups meet in the middle, so as to leave no room 
for a pith. 

Tho outermost layer of the cylinder, surrounding the 
whole ring of xylem and phloem, is a very definite ^thin- 
walled pericycle (Fig. 65, pc). Outside this, again, we come 
to the innermost layer of the cortex, the vefjf conspicuous 
endodermis {e in Fig, 65), the cells of which fit closely 
together, and have those walls cuticularised by which they 
are in contact with each other. In the older roots the 
endodermal cell-walls become thickened, especially on the 
radial and external surfaces, as shown in Fig. 65. The 
endodermis serves especially to cut off all ccunmimicatioii 
between the intercellular spaces uf the Centex and the 
interior of the central cylinder, dlicse spaces contain 
air, and if this air could make its wviy into the vessels 
of the wood, the w^aterwurreot thrcmgli the latter W'ould 
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soon be stopped. Hence , the importance of the isolating 
eiidodermis,. . 

The ^orto..is,,many layers' of cells 'in thickness, and is 
persistent instead, of being .thrown off, as in Dicotyledons. 
Outside this, again, is the absorptive ox piliferous layer, which 
forms the external 'surface of the root. Many of its cells 
grow out into unicellular root-hairs (see Fig. 66, r./i), which 
are the special organs for absorption, taking up water and 
dissolved salts from the soil. ■ ■■ '■ 

It is o.nly, however, the young parts of the roots which 
.abso.rb food ; sooner or later the piliferous layer dies away, 



FKi. 66. — Frans verse seciiou of tissues at the exireme oitfmk of 
the same root. rJi, root-hair; eXf exodennis, forming 
outermost layer of cortex. Magnified 330. (R. S.) 

absorption ceases, and the root henceforth becomes merely 
an organ of conduction, wtiich serves to pass on the water 
to’wards the stem. This conducting part oif the root requires 
some kind of protective layer on the outside to guard it 
against abrasion, or the more serious danger of attack by 
parasites, and also to prevent possible loss of water if the 
soil should become dry. The protective function is per- 
formed by the outermost layer of the cortex, wliich soon 
becomes distinguished from all the inner layers by its 
cuticularised walls. For a time it has the structure of an 
endodermis ; subsequently the corky change extends to all 
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its walls alike. 'Fhus the older part of the root is clothed by 
a complete protective covering, similar to the epidermis of 
the stem, while the piliferous layer, which formed the 
original outer surface, disappears. This protective covering, 
which is called the exodermis {ex in Fig. 66), is found in 
many dicotyledonous roots also, but in them its functions 
are vttj temporary, and it is usually soon replaced by 
secondary periderm. In most monocotyledonous roots 
there is no periderm, and here the exodermis continues to 
be the only protective layer throughout the life of the root. 
The tip of the root is enclosed in a root-cap, the develop- 
ment of which will be described below. 


ci. Growing- Points and Mode of Branching 

The growth of tine stem follows the same general course 
as that of a Dicotyledon. Here also the growing-point, 
j,- where new tissues and organs 

are produced, lies at the apex 
of the Stem. In this position 
we find a meristem, which at 



first 


IS 


made 


67.' 


up of quite 
uniform cells. The descrip- 
tion given of the growing-point 
of a Dicotyledon holds good 
here with only slight differences 

--Loimiiudinal median (see Fig. 67). The external 
secfbns of the growing-point j^yer of the apex is the derma- ' 

don. <■?, epidermis ;/>, peri- togen, Iromwhich the epidermis 
!?!n" ?’ “‘‘“j is formed. The periblem and 

pkrome ; /, young leaves, plerome probably have a 

feliitf common initial group. From 

the plerome, which is the 
inner part of the meristem, the vascular cylinder, including 
all its bundles, is developed. The development of the 
vascular bundles begins at the interior of the cylinder and 
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advances outwards. . When the outermost bundles have been 
formed, the pericycle thickens its cell-walls, and all further 
development ceases. 

The leaves here, as usual, develop from below upwards, 
so that the youngest are always nearest the apex. It is 
mainly the outer layers of the growing-point which take 
part in the formation of the leaves and branches of the 
stem .(see Fig.., 67, /),. The 
growth of each leaf after 
its .' 'first origin goes ' on 
chiefly at its base. This 
is characteristic of leaves 
and accounts for the con- 
tinued growth of grass 
after mowing. 

The apex of the root 
is on the whole similar to 
that of a Dicotyledon, and 
we find the same three 
layers of meristem, giving 
rise to the root-cap, cortex, 
and vascular cylinder re- 
spectively. The superficial 
layer of the root, which 
bears the root-hairs, arises 
here, however, from the 
same group as the cortex, 
instead of having a common origin with the root-cap, 
as in Dicotyledons (see Fig, 68, and compare it with 
Fig- 33)- 

The of the root can also be dismissed in a few 

words, as in all important respects it takes place in the same 
way as in the Wallflower. 

Here, just as in Dicotyledons, the rootlet arises from a 
deeply-seated layer of the pa»ent-root, namely, from its 



Fig. 68. — Longitudinal median section 
of apex of young root of a Mono- 
cotyledon (Amaryllis), s (shaded), 
“ digestive sac,’* formed from endo- 
dermis of parent-root ; c, calyp- 
trogen, giving rise to root-cap only ; 

periblem (the outermost layer 
formed front this bears the root- 
hairs) ; pit plerome. Magnified 
about 150. (After Van TTeghem 
and Douiiot.) 
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Fic 3 . 69, — Part of transverse sec- 
tion of root of a Liliaceous 
plant, showing the first origin 
of ii rootlet. <5f, cortical cells ; 
en^ endodermis ; pe^ pcri- 
cyck ; 3f, xylem group ; ph, 
phloem group ; co, conjunc- 
tive tissue. All the above 
belong to the parent - root. 
s (shaded), disgestive^ sac, 
formed from endodermisj r, 
calyptrogen, or cells giving 
rise to the root-cap of the root- 
Jet ; p, periblern, which will 
form its cortex and piliferous 
iaver ; pi, plerome, from 
which the central cylinder will 
be developed. 



Fit*. 70 .-‘“Similar section from the 
White Lily, showing a more ad- 
Vimced root let , cortex 1 if parent- 

loot, through whicit the rootlet k 
boring its way ; e, cortex at base 
of rootlet. Other letters as abdt-e, 
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pericycle, The details of the 
development are sufficiently 
shown by Figs. 69, 70, and 
71. The endodermis of 
the parent-root here takes 
some part in the process, 
as it forms a sheath around 
the developing rootlet 



p. -Part of iongitudirm! 
section of a mtjnticotyiedotious 
root passing througlt a develop- 
ing niotiet. 1.4dters as above, 
(All three Figs, are tnagnified 
about 150,, and are after Van 
'rkghem and !>y idiot.) 

during its growth through 
the cortex. As this endo- 
dermal sheath serves to 
absor!) the cortical tissues, 
through which the rootlet 
as it were eats its way, it 
hears the name of the 
digesiivf sm\ When this 
function has been per- 
formed, the sac is cast olF, 
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the whole pcmianent part of the rootlet being thus formed 
from the pcricyde. 

'Fhe origin of an adrentitifms root is similar to that of a 
rootlet. Just as a rootlet arises endogenously from the 
parent-root^ so does an adventitious root arise endogenously 
from the stem, and in both cases it is the pericycle from which 
the new organ is fornieci 

Summary of ^foxoroTYLKOoNous Anatomy 

llic general working of the vegetative organs in the Mono- 
cotyledons goes on in the same way as in our first type. In 
both, the green leaves, by means of their palisade and spongy 
tissue, are the great organs of assimilation and of transpira- 
tion. llie leaves are in communication with the stem 
through the vascular bundles and the tissues immediately 
surrounding them, 'i'he conducting tissues divide up their 
w«)rk as follows : the xylem serves chielly to convey the 
water and mineral salts taken up Ijy the roots ; the phloem 
helps to conduct to other parts of the plant, especially grow- 
ing and storage organs, the food which has been assimilated 
in the leaves, including that which contains nitrogen. Both 
in Monocotyledons and in Dicotyledons all these tissues are 
continuous throughout the central cylinder of the stem and 
its branches, and ultiiiiately with the corresponding tissues 
of the root. ISeither as regards structure nor function can 
we point to any prrdoimd diflerence between the two 
Hasses, sofar m the {wimary ihsues me amcerrmi, The real 
distinction lies in the fact that in typical Monocotyledons 
there are m setmdmy iissues ; the entire structure is de- 
veloped from the growing-points once for all, and hcncelx^rth 
no further additions are ever made, however- long the plant 
may live. Consequently, we generally find that the primary 
structure of stem mul root is more complex in Monocotyle- 
dons than in the cither Class, because in the former the 
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primary tissues have to, do all the work, ..while in, the 'Dicotyle- 
dons they are supplemented, on even entirely : superseded, 
by the secondary tissues formed from the cambium. The 
few Monocotyledons' which have a, kind of. cambium are 
here left out of consideration/' 

This difficulty, however, arises : many 'Monocotyledons, 
when mature, have a stem which is of great thickness, com- 
pared with that of the same plant when a seedling. Take 
the Maisse, for instance.: a well-grown plant may have a 
stem two inches in diameter, .while the stem of the seedling 
is perhaps an eighth of an inch thick ; yet there is no 
cambium and no formation of secondary tissues. How is 
this possible ? The explanation is that the thin stem of the 
seedling never does become any thicker, but for a time the 
vigour of the growing-point constantly increases, so that 
each node and internode which is added to the stem is 
thicker than the last. Thus for a time the stem has the form 
of a cone standing on its apex. But sooner or later the 
growing-point reaches its full strength. From this time 
onwards the portions of the stem which it successively 
produces are of equal diameter ; thus all the upper part of 
the stem is cylindrical The first-formed part of the stem, 
which alone has the shape of an inverted cone, generally 
becomes buried in the ground, or like the tap-root it may 
die away altogether. While the whole plant is still ve,ry 
young, the stem and main root have a simple structure, com- 
parable to that of a dicotyledonous seC^dling at a correspond- 
ing stage. In typical Monocotyledons, then, the increasing 
diameter of the stem is due to the addition of successively 
thicker nodes and internodes, and not to the growth in 
thickness of those already formed. 

The Balms, which are found in the tropics and the sub- 
tropics, are also Monocotyledons. Some of them become 
large trees with obvious growth in thickness of the trunk 
with age. There is the usual increase in size of the apical 
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ineristem from the seedling- stage 'onwards for some 
blit in addition to this there are-'yarioiis, processes of growth, 
in the stem whidt are too complicated to discuss .in an 
elementary book. 

111 . iXTERXAL STiWCTURE AND DEVELOPMENT 
■ OF THE REPRODUCTIVE ORGANS' ' 

lilt* flower of a Lily is not only ve.ry favourable for study, 
from the large size and simple arrangement of all its parts, 
it lias llie more iinp<.)rtant advantage that it is an excellent 
type of the flowers of Monocotyledons generally, most of 
which are built on the same, ground-plan. We already 
know the external characters of the flower ; we will now 
shortly trace its development.' 

a . Development of the Flower 

^'Fhe flower-hud arises, like any other brancli of the stem, 
from the external layers of tissue of the growing-point, 
with which it is directly continuous. It is formed in the 
axil of a bract, and in some species, as in that figured, the 
axis of the flower itself produces a small lateral vegetative 
leaf, terined a Itracicole (see Fig. 72, B, b). In. the White 
Lily, liowever, the latter is absent. The future flower has 
at first a broadly rounded shape. The earliest stage shown 
in tlic figures is that just after the sepals liave appeared. 
All the three sepals do not arise at the same time, but one 
after the otlier (see Figs. 72 and 73, s). Next, the three 
petals appear, all at the same time, and exactly between the 
sepals (see Fig. 74, />), After this, three fresh outgrowths 
sliow themselves just inside the petals, and alternating with 
them, so that they lie exactly opposite the sepals ; these are 
the three outer stamens {sf\ Fig. 75). Very scjun afterwards 
the tliree inner stamens appear {sf\ Fig. 76) exactly between 
tlic first three, and therefore opposite the petals. Lastly, 
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around the centre of the growing^point, yet three other 
structures arise, each shaped like a horseshoe, open towards 
the inside of the flower. 'These are th& young cmpels, forming 
the pistil or gynceciuiri, which is 
the innermost wliorl of the Mower 
(Figs. 77 and 78, ep). The 
carpels are alternate with the 
inner whorl of stamens^ and are 
tiierefore opposite the outer 
stamens. During the develop- 
ment of the ilorul parts, the 
stalk, on which the whole 
flower-biicl is borne, goes on 



growing. 

We see, then, the extreme 
regularity and siniplicity of the 
Lily flower. Ail the whorls 
consist of three members each, 
they arise in regular succes- 


E"ig. 7yv— Florsil diagram of a 
Lily, ■ , axis of inflores- 

■ c'cnce. bract ; jf, sepals ; 
p, petals. Within this are 
seen the two whorls 
stamens, and in the mitidle 
the three carpels united to 
form the ovary with axile 
piacentation . (After Kichler.) 


sion, and tlie mernbens of each . ■ 

whorl always alternate with those of the whorl next outside 
them. Tlu! diagram (Fig. 79),; representing, a ground-plan 
of the Htjwer, illustrates this regularity (cf. Fig. 57). 


Ik Structure of tlie Perianth and Stamens 

The calyx and corolla are much alike in their structure, 
ill which they resemble foliage-leaves, but«are somewhat 
simpler. The same systems of tissue, vascular bundles, 
mesophyll, anti epidermis, are present, and the epidermis 
possesses stomata. The mesophyll, however, is destitute of 
chlorophyll-granules, and in the White Lily has no colouring 
matter at all In tlie yellow Julies, such as the Tiger Lily, 
cliromoplastft are present, and where we get a distinctly red 
tint, as in the spots on IJlium miraium^ this is due to the 
presence of red cell-sap. 
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The groove at the base of. each sepal or petal is, iiiied by a 
tissue of thiri-walkd cells, rich in protoplasm, by which, the 
nectar or honey is secreted. 

The stamens require' no detailed description, as they have 
essentially the same structure as those of the, .Wallflower, 
though they are ' much larger. : The development, both of 
the stamen as a whole, and of the, anther; with its four pollen- 
sacs, takes place in the same way as in Dicotyledons. . , 



PTg. 8o. — Division of the poilen mother-cell in a Liiy. /I, First 
division: w, ?f, daughter-nuclei ; granular cell-plate, 
from which the new cell- wall will be formed, /i, Second 
division : ?f, n, the four granddaughter-nuclei ; c,p, r./), 
the cell-plates from which the second cell-walls will he 
formed. T'he four cells in B become the pollen-grains. 
(After Stra.sburger.) Magnified 800. 

In each of the pollen-sacs there is a layer of tissue 
{archesporhim), which gives rise to a great mass of 
pt)llen motlicivcells, 'Fhe division of a pollen mother- 
cell to form its four pollen-grains, which takes place in 
a slightly different way from that usual in Dicotyledons, 
is shown in Fig. Sod 

In the pollen-grain itself further changes take place. The 
nucleus divides, and around one of the two nuclei thus 
produced a small cell is formed (see Fig. 81, g). 

This, as in the Wallflower, is the generative cell, so called 

^ For the wht'jle development of the stamen careful reference must be 
fiiatle to the description given in the case of the Wallflower (pp. 94-100). 
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hcaiusc it is directly concerned in: fertilisation. It is much 
more easily seen in the large pollen-grain of a Lily than in 
the small one of a Wallflower. ■ The membrane of the ripe 
pollen-grain is cuticularised, and its surface is rough with 
raised ridges, which form a delicate network. Along one 
side of the grain there is a fold, the 
membrane of which is thicker than the 
rest of the wall ; it is smooth, and 
consists of pure cellulose. In the con- 
tents of the grain there are many starch 
granules. 

Hie dcliisceiice of tl'ie anther takes 
place as described in the Wallflower. 

Here also the wall separating the two 
pfillei'i-sacs on the same side of the 
anther breaks dowti at the moment of' 
dehiscence (see log. 40, of Wallflower), 
so that the {perfectly ri|>e aiitlier appears 
to have only two compartments instead 
of four. 'Fhe abundant pollen is set free, 
but rnost of it remains hanging on the burst anthers, for the 
grains arc made sticky by the presence- among tlieiu of 
innumerable drops of oil, of an orange colour. 


FitJ. 81 Po!lcn-|:^raiii 
of Lily at the be- 
ginning of ger- 
mination. ^ g, small 
g c n e r a t i v e cell 
with its nucleus ; 
p.tf first outgrow'th 
of poilen-tube. 
Oil-drops are shown 
outside the grain. 

. Magnified seyeral 
hundred times. 
(After Dudel-Port.) 


c. Structure of the Pistil 

The pistil or gynccciuiu has a very diflerent structure from 
that of the Wallflower, though it resembles that of many 
other 1 )icotyIedons, so that the differences in question are not 
characteristic of the two Classes. We have already seen that 
each of the three carpels arises as a ridge, shaped like a 
horse-shoe, on the growing-point of the flower; very soon the 
ridge is completed on the inner side of each carpel, which 
thus becoiiies a chased ring. Where the carpels join on to 
eacti other they arc completely united from the first, 
the wall separating their cavities being a single, and not a 
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double one ; the pistil is, in fact, completely syncarpous. 

Henceforward growth goes on. at the 
base of the pistil,' and so the whole 
structure grows up:into a triple tube. 
At, , last ' the upper edges " of . each 
carpel join together ■ at the top, 'so 
as to close the tubes. The upper 
closed pait of the pistil develops into 
the style. At the' extreme tip 'the: 
three carpels remain partly distinct, 
forming the three lobes of the stigma 
(see Fig. 82, which here corre- 
spond in position to the carpels, unlike 
the arrangement which we found in 
the Wallflower. 

The ovules develop from the inner 
angle of each of the united carpels, 
forming two rows in each carpel (see diagram, Fig. 79). 
lliis plaveutaiion is known as axile. 

d. Ovules 

Passing on now to the-ovules' themselves, we find that the 
first stages of their growth are like those of the Wallflower, 
and here also the ovule: soon becomes curved. I'he curv'a- 
ture, liowever, takes; place ■'■in a different manner. In the 
.Iwily the niicellus and . integuments, remain' straight ; the 
bending talfes place at the chakra, so that the whole body 
of the ovule turns through an angle of 180®, and so comes 
to lie parallel -to the funicle, with the micropyle directed 
towards the placenta, which it closely approaches (see Fig. 
84). Such an ovule is called amtwpom. The difference 
between this form, and the campyloiropous ovule of the 
Wallflower, in which the nucellus and integuments are 
themselves bent, will be evident, on comparing Fig. 84 with 


<5- 



Fjg'. Young pistil 

of a 0^yv;Ary ; 

style ; siig, 
nui» Natural size 
CAUer IXuleLPort.) 
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Fig. 43, 'The aiuitropous cwule is the cooiiiionest form 
both among Dicotyledons and Monocotyledons, 

In the I.ily the second or outer integument does not 
become dosed, hut remains widely open, the narrow micro- 



pyle being thus formed by the inner integumeBt alone (see 
Fig, 84). lliis is common among Monocotyledons, In 
other rcs|H*cts there is a general agreement between our two 
l)pcs ; 111 fact, the main points in the development of the 
ovule are very uniform throughout the great majority of the 
members of !>oth Classes. 


158 FLOWERING PLANTS 

When we come to the origin of the embryo-sac itself, 
however, there are some differences to note, though they 
are not characteristic of the two Classes, as similar variations 
are found within the limits of both Monocotyledons and 
Dicotyledons. In the Wallflower we found that the original 

ch 



Fui. K.f.'-^Loiigituditial section of ovule of Lily, /, funicle ; 
r, raphe ; f/i, chalaza ; iriiy inner integument ; outer 
integument ; m, micropyle ; nucellus. Within the 
nucellus (?0 is seen the long pear-shaped embryo-sac con- 
taining egg-apparatus, polar nuclei with vacuole betweert 
t liem , and antipodal cells. Magnified 82 diameters. (R. S.) 

iirehesporial cell underwent two divisions before the embryo- 
sac was finally marked.’ off.. In the Lily the matter is simpler : 
a cell of the middle row of the nucellus, next under its 
epidermis, grows larger than the rest, and itself becomes the 
embryo-sac, usually without any further divisions. It grows 
to a comparatively large size, so much so that there are no 
plants more favourable for the study of the embryo-sac than 
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the Lilies, llie divisions of the. nudens ■ follow . the same 
general course as that described, above (see p, mz). We 
hud as the .fina,l .result three nuclei 'at the e.nd of the sac 
towards the mkropyle, three at the, opposite, end, and two 
near the middle. 'I'he three nuclei next the ■m.icropyle are 
in cells which, however, are devoid of walls ; these th.ree cells 
are the egg^app(mitus^ the ovum being the deepest seated of 
the tliree, while the two others are the helpers or synergidje 
(see Fig. 85, s). In like manner the three nuclei at the other 
end become the centres of the antipodal cells, which, unlike 
their opposite neighbours, have cell-w^alls. The two polar 
nuclei are of excepti()na!ly large size, especially the one from 
the antipodal end (see Fig. 85, . .A more interesting fact 
is, that these tw‘o nuclei do not fuse till very late— in fact, 
not till after fertilisation. On the whole, however, t.he pro- 
cesses inside tfie ensl>ryO“sac are closely similar to those in 
the dic4)tyledonous type, the description of which should be 
carefully compared (pp. 102- 105). 

The niicellus of the Idly does not disappear, but encloses 
the embryo-sac until after fertilisation (see Fig. 84). 

c. Pollination and Fertilisation 

'The pediinatkm of Lilies is carried on by moths and 
biilterflics, which come in search of the honey secreted l>y 
the nectaries on the perianth. The flowers arc made very 
conspicuous to the visitors by their great size and bright 
colours, and in some species the sweet smell is an .additional 
attractioii. Generally the style projects so far that an insect 
comes into contact with the stigma before touching the 
stamens. Hence it will usually bring pollen from the flower 
which it has last visited, and will thus effect cross-pollina- 
ti<in. Blit it may sometimes happen that the anthers and 
stigmas of the same flower brush against each other, and that 
self-pollination may result. As the visits of the insects are 
rather uncertain and very dependent on weather, this possi- 
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bility of fertilisation by, its own pollen may be of use to the 
Lily as an extra chance of setting its seeds. 

When the pollen-grains^ by one 
means or the other, 'are brought vinto' 
contact with the stigma, they stick to 
its viscid surface and soon; begin to 
send out their tubes. The grain: ■takes 
up water from the stigma, and begins 
to swell. The fold of pure cellulose ■ 
(see p, 155) bulges out, and, following 
the growth of the cytoplasm ' ■■within, 
forms the membrane of the pollen- 
tube (see Fig. 81). ^ 

The tube at first creeps along 
among the papillse of the stigma, and 
then grows down between the lobes 
and penetrates the middle of the style, 
until its growing end reaches the 
ovary (see Fig. 83). Here it grows 
along the surface of the placenta, and 
at last turns aside into the mieropyie 
of an ovule. Its growth still con- 
tinues, until it makes its way between 
the cells of the nucelliis to the em- 
bryo-sac, which it enters, .usually pene- 
trating for a short distance between the 
synergidae- to the 0vum'^(see Fig. .87).:; 
Here the growth of ■ the.'' tube cea^ses*'; 
The length which it has attained is 
enormous compared to the ske of the pollen-grain, for in a 
large Lily the nearest ovule may be as much as 'Six inches 
from the surface of the stigma. 

The jarge size of the pollen grains and tubes lias rendered 
it possible to trace exactly wbat is going on inside, and these 
changes have perhaps been followed more minutely in the 
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' «:T .a .Lily, 5, f, syn- 
erj^ida* ; o, ovum ; 
Vy f\ vacuolfs ; pi 
and the polar 
nuclei ; anti- 

podal cells. Magni- 
fietl alxjut 250 
^ diameters. (After 
Gyipiard.) 

.Note that this figure 
is reversed m com- 
pared with Fig. 84. 
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Lilies than in any other plants. When the pollen begins to 
germinate, the vegetative nucleus belonging to the large cell 
of the pollen-grain is the first to enter the 
tube. It takes the lead all through so long 
as it exists, but it becomes gradually dis- 
(organised, and before the ovule is reached 
is altogether lost in the cytoplasm. The 
small generative cel! follows the vegetative 
iiiaiciis into the tube and immediately 
divides, bo that there are now two .such 
cells, one liehind the other, each with a 
large elongated nucleus (see Fig, 86), 

When the embryo-sac is reached, the 
nuclei of both generative cells, accom- 
panied by part of their cytoplasm, pass 
out through the yielding membrane at 
the end of the tube, assuming a curved, 
vermiforn) sliape. C )ne of the male nuclei, 
probably by its imn active movements, 
enters the ovum, and reaches its nucleus. 

The two nuclei-— male and female— then 
apply themselves closely together, and 
prol)ahly some of the cytoplasm from 
the generative cel! also unites wdth that 
of the ovum. Fertilisation is now 
accomplished (Fig. 87, oji.), and 

the ovum next accjuires a cell-wall of 
"itsewn. ' 

In the meantime, a second act of fer- 
tilisation has taken place within the em- 
bryo-sac. The other generative nucleus 
passes dowm through the cytoplasm of the sac ; it increases 
in size, and its long, worm-like form is very characteristic, 
suggesting a {)ower of wriggling motion, '" - It then -attaches 
itself to the two polar nuclei, which have approached each 


Flu 


tube uf a Lily 
its way duwii the 
vstyie. g, g, die 
two |i*crierativ<^ 
cells, each nearly 
ailed by its large 
nucleus; w, vege- 
tative nucleus, 
already bccont- 
ing disorganised. 
Magnified about 
450 diameters. 
(After Guignard.) 
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Other, but not yet fused (Fig. 87, g.ti., />j, p.^. Ultimately 
all three nuclei unite into one, so that the secondary nucleus 
of the embrj'o-sac is the product of a triple fusion, one of the 
component nuclei belonging to the male, and two to the 




Fici. 87, “L’ppcr part of cmUryo- 
sac of a l.ily, showing double 
tihsation. p./, end of pollen- 
tube ; .V, s, the two syncrgidte ; 

one id* the vermiform 
generative nuclei from the pollen- 
tube m contact with the nucleus 
of the <n'ujn, o,n ; g.it, the fither 
generative nucleus from the 
pi>llen»tube, in contact with the 
two polar nuclei, and pK 
Magnitied about 400. (After 
Guignard.) , 



g.«, generative nucleus, o.ti, 
nucleus of ovum (these are now 
closely united) ; r.«% vacuoles ; 
e.w, c.w, ^endosperm nuclei in 
course of division. IMagnified 
about 2,50 diameters. (After 
Guignard.) 


female parent. It is to this triple union that the endosperm 
owes its origin. 

'Fhus fertilisation in Angiossperms is double, the one act 
giving rise to the embiyo, the other to the endosperm. 

'Fhe synergidae, having done their work, which probably 
consists in guiding the end of the pollen-tube to the ovum, 
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now disappear. 'Fhe antipodal cells also"iHidergo no further 
development, llie embryo-sac is in future shared between 
the embryo and the endosperm,- which latter structure is 
much more important fiere than in the. Wallflower. 

f. Developinieiit of the ■ EmUry.© ■ , , 

We need only describe fully those' points in the formation 
of tlie embryo in which the monocotyledonoiis and ■ dico- 
tyledoiiijiis Classes differ, 
lliesi* differences are im- 
portant, and among them 
we shall find one of the 
most constant points of 
distinction between the 
two divisions. 

llic nucleus of the fertil- 
ised ovum, consisting of 
the united male and female 
nuclei, divides, and this is 
followed by the division 
of the ovum as a whole. 

I1ie first two walls formed 
are transverse. Of the 
three adls thus prcKiuced, 
the one next' llie riiicro- 
pyle (which tve will speak 
of as fke iozeesi) undergoes 
no fiirtiicr divisions, but often grows to a great size, as in 
the embryo' of jllisma Phmtago (Water Plantain) shown in 
Figs. 90 and 91, and then forms a temporary store of food 
for the embryo. 

The uppermost cell, instead of forming nearly the whole of 
the embryo, as in our dicotyledonous type, here only gives 
rise to one part, namely, the single seed-kaf or cotyledon, 
which in this case forms the free end of the embryo. 

1:2 
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The middle cell of the three 'divides by 'further transverse 
walls, forming, after ■ ..some dongitudiml divisions ; have 
taken place, the groups marked;^i^ and r in Fig. 91. 

'The group of cells marked st is a very important one, for 
from the cells on one side of this .group arises the growing- 
point of the stem, which in Monocotyledons is a ■ lateral 
structure. The group marked r forms the hypocotyl and 

root, and also contributes 
something to , the.' sus- 
pensor. 

The form of the more 
. . advanced embryo, after a 
i "i great many cell-divisions 

/ have taken place, is shown 
j in Fig. 92. Towards the 

' M - f top of this figure we see 

\ 1/ ■ radicle (r), . with its 

growing-point directed to- 
wards the micropy,le (m). 

^ Or on,e side of the embryo 

is a depression, in which 
the lateral growing-'point 
of- the ■ stem (g>p.) is situ-.' 
ated. , All 'the pa,rt'' beyond' 
this '.is the,, cotyledon .'■■(c), 
which at this stage occu- 
pies more tfian half the entire length of the embryo. 

The essential differences, then, between the embryo of a 
Monocotyledon and that of a Dicotyledon are these. In the 
Monocotyledon there is a single terminal cotyledon, and 
the apex of the stem is .lateral, while in the Dicotyledon there 
are two lateral cotyledons, with the terminal apex of the 
stem between them. These distinctions are on the whole 
constant, in spite of great variations in the embryology of 
both Classes, 


Hi. 90 , — ‘Vaty young embryo of 
Aiisma FlanUigo^ a Monocotyledon, 
n, ceils of nucellus ; e.5, membrane 
of embryo-sac. T'he embryo with 
its suspensor consists of .three, cells, 
the basal, cel! being very large. 
Magnified about 500 diameters. 
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llie diniciisioi^H of the embryo in the Lily, as compared 
with the whole seed when ripe, are shown in Fig* 92* At 
the stage figured the chief systems of tissue in the young 
plant are already marked out. The embryo now enters on 
a period of rest. Its further 
development is postponed 
until the germination of the 
Heed, and will be described 
i'xL'av. In the Tuearitime we 
must short iy consider the 
changes which take place in 
other parts of the ovule during ■ 
its conversion a seed. 


g. Eoilospinan 

In the Lalies the union 'of 
the twi:) pidiir iiudei of the 
einl^ry o*sac lakes pi act* conn 

pariitively late in fact, not 

till after they have been joined 
by the male, vermiform, 
nucleus from the pollen-tube 
(Mg. 87). Tlie further 
changes about to be described, 
leading to the formation of 
the cndospcrriu titily take place 
if this curious process of 





Ffu;, 91.— Older embryo of same;, 

■ seen in seetbiu 'Fhe basal tt‘!l 
is- still larger tban 'before. Its 
enormous -micleus has' two 
macleoli. eol. cells which will 
. form the cotyledon ; . si, disc of 
■ cells, from one side ■ ■of which ■ 
.the stem arises later,;, r, rad- 
,kle.' .Magnified; about ■, 5oe'- 
diameters, . 

fertilisaliidi has lieen accom- 
plished, d’lie development of the endosperm usually starts 
before that of the embryo. 

The triple nucleus of the embryo-sac. divides, but without 
any formation of a cell-wall between the dauglitcr-nuclei. 
The divisifin is repeated again and again in the same manner 
(see Mg. 88), Soon the nuclei thus formed arrange them- 
selves ill the layer of cytoplasm lining the W’all of the sac, 
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and there they still go on dividing. All this time the 
embryo-sac is increasing enormously in size, and the 
increase in the number of the nuclei keeps pace with its 
growth (see Fig. 89). For a long time no cell- walls are 
formed between them. They lie scattered in the undivided 
cytoplasm. Only after hundreds of free nuclei have been 
produced does tissue-formation begin. Then for the first 
time cell-walls make their appearance between the nuclei, 



Fig. 92. — .Longitudinal section of the ripe seed of a Lily, jf, 
testa ; m, micropyle ; e, endosperm, in which the embryo 
is embedded ; r, radicle of embryo ; g,py growing-point of 
stem ; c, cotyledon. Magnified 6|- diameters, (R. S.) 

so that the protoplasm is partitioned up into as many distinct 
cells as there were free nuclei before. The endosperm tissue, 
as we may now call it, at first forms a single layer lining the 
sac. Growth and cell-division, however, go on continuously, 
until by the time the seed is ripe the whole cavity of the sac, 
except the small part occupied by the embryo, is filled by a 
mass of endosperm (see Fig. 92). Its cells contain reserve 
starch and proteins, and have very thick cell-walls. The 
whole tissue forms a great storehouse of food, from which 
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the yoliBg plant can draw supplies during germination, 
before it is ready to shift for itself. This is the most striking 
difference between the seeds of the Lily and of the Wall- 
flower : in the latter the greater part of the endosperm is a 
transitory and unimportant structure, which is used up long 
before the seed is ripe ; in the Lily it forms a massive tissue 
constituting the bulk of the ripe seed, and is only consumed 
during germination. The Lily thus has a typically albumin^ 
ous seed, while the Wallflower is nearly, though not quite, 
exalbumimus. As regards the presence or absence of endo- 
sperm in the ripe seed, there is no constant difference 
between the two Classes. While, as we have seen, a large 
number of Dicotyledons have albuminous seeds, many 
Monocotyledons are exalbuminous, as, for example, the 
Orchids and the Water Plantains. From one of the latter 
(Alima Plantago) our Figs. 90 and 91 were taken. In both 
Classes a majority of the members have albuminous seeds, 
and in almost all there is at least a temporary formation 
of endosperm. 

The albuminous seeds of some of the Monocotyledons 
have great practical interest. In Wheat, Rye, and the other 
grains, it is the endosperm of the seed from which flour is 
prepared. In fact, when we eat bread, we are converting 
to our own use the stores of food which the Wheat or Rye 
plant had provided for the benefit of its seedlings, 

li. The Ripe Seed and Fruit 

I'he seeds of the Lilies are arranged in six rows in the 
fruit, two rows in each compartment ; they are packed very 
close together, and are flattened, so that each row has some- 
what the appearance of a pile of coins (Fig. 93, s'"). Fig. 92 
shows the section parallel to the broad side of the seed. 
Each seed has a firm, thick testa, formed from the two 
integuments of the ovule, the outer of wLich constitutes the 
thicker and harder layer. . . ■ : 
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The ripe seed, therefore, consists of three essentially 
different structures : (i) the embryo, developed from the 
fertilised ovum ; (z) the enddsperm, or tissue formed 

inside the embryo-sac, also 
consequence of an act of 
fertilisation ; (3) the testa, 
pK4Sfr'4?l\^ formed from the integuments 

^ ovule (Fig, 9,2). The 

nucellus has by this time been 
absorbed. The point where 
the seed is attached to the 
P — y'S^ funicle is called the hihm, 
B ^od as the ovule from which 

ij the seed was developed was 

1 • anatropous, it follows that 

I the hilum and the micropyle 

M . /\ together. 

(w The fruit is called a capsule^ 
i,e. it is syncarpoiis^ dry^ and 
dehiscent. The structure 
capsule of a Lily very little difference 

pedicel. The capsule is de- from that of the ovary, but 
Site o is an enormous increase 

the middle of a carpel. On the in bulk, and Some change in 

a,“,!"eS S'! tl>e fruit 

/, from the edge ; s'\ seeds still being thicker in proportion 

For the seeds, cf. Fig. 92. p, its length than the ovai-y, 
ridge of receptacle, from which while its tissues have be- 

natural size. (R. S.) come harder (Fig. 93). The 

style withers away during 
the ripening of the fruit. The increase in size of the ovary 
in becoming the fruit is a consequence of the fertilisation 
of the ovules, but how exactly this influence is brought to 
bear on the ovar}^ is unknown. 

The opening or dehiscence of the capsule to set free the 
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seeds takes place by three longitudinal splits, one running 
along the middle of the outer wall of each compartment 
throughout its whole length (Fig, 93, d). The fruit is thus 
cleft into three divisions, each representing two half-carpels. 
The flat, light seeds are well adapted to being scattered 
by the wind, as they are shed from the dehiscent capsule 
(Fig- 93)- 

The White Lily (L. candidum) rarely produces ripe fruits 
and seeds in Britain. Other lilies, however, the Royal ^ 
Lily (L, regale), which comes from China, produce abundai>t 
seed. 

i. Germination and Life- History 

Lily seeds germinate readily under suitable’ conditions 
of moisture, temperature, and oxygen supply. L, regale is a 
good species in which to observe the stages in germination. 
Seed of this species is readily available. 

The organ which grows most actively in the early stages 
of germination is the cotyledon, which elongates to an 
enormous extent, attaining a length of several inches. The 
radicle is first pushed out through the micropyle, and then 
grows down into the earth. The tip of the cotyledon remains 
immersed in the endosperm, and acts at first as an absorbing 
organ, by means of which the food substances in the seed are 
taken up by the young plant. The cellulose, starch, and 
proteins of the endosperm have to be rendered soluble before 
they can be absorbed. This is brought about by means of 
various enzymes, which are probably secreted by the tip of 
the cotyledon (p. 121). 

In its low^er, sheathing part the cotyledon encloses the 
bud of the stem, and below this again are the rudimentary 
hypocotyl and the main root, which is developed from the 
radicle and grows straight downwards* Henceforth the 
seedling is able to provide its own mineral food. The seed- 
coat is lifted high above the ground on the tip of the cotyledon, 


170 


FLOWERING PLANTS 



Fig. 94. — Young seedling 
of a Lily {L. gigantcum), 
r, main root ; c, cotyle- 
don ; base of cotyledon, 
forming first scale of bulb; 
ply arrow pointing to 
plumule, now hidden, 
which will grow out 
through the crevice in 
base of cotyledon ; Sy 
seed-coat, still attached 
to tip of cotyledon ; 

level of ground. 
Natural size. (R, S.) 


which becomes a long narrow 
green leaf, and thus constitutes 
the first assimilating organ of the 
seedling (see Fig. 94). 

The young stem develops into 
the bulb, the first bulb-scale being 
formed by the sheath of the 
cotyledon. Other scale-leaves are 
soon formed from the growing- 
point. The bulb appears at first 
as a lateral growth at one side of 
the base of the cotyledon. The 
main root may attain a length of 
a couple of inches, but it sends out 
few, if any, rootlets. Its function 
is only temporary, for it is soon 
replaced by adventitious roots 
arising from the base of the bulb. 
After a time the bulb sends up 
green foliage-leaves (Fig. 95) ; the 
cotyledon decays, leaving only its 
base ; the seed, the endosperm of 
which is now exhausted, is reduced 
to an empty shell, and germination 
is now ended. 

In some Lilies, and in many other 
plants, both Monocotyledons and 
Dicotyledons, the base of the stem 
is brought to its proper depth in the 
ground by the contraction of the 
roots. In L, Martagon the young 
bulb of the seedling is gradually 
drawn down year by year, owing to 
the shortening of the adventitious 
roots. As the end of the root 
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attaches itself firmly to the soil, the effect of the contraction 
is to exert a downward pull on the bulb. The upper part of 
the root is alone capable of contraction, and is much thicker 
than the rest. The inner cortex is the actively contractile 
tissue ; as it contracts the external layers are thrown into 
transverse wrinkles, as shown in 
Fig. 95. New roots of this kind 
are formed each year, until the 
bulb has reached its normal depth 
(three inches or more in the case 
of L. Martagon). 

In L. regale and many other 
lilies it is not until the third or 
fourth year after germination of 
the seed that the bulb produces 
a flowering stem. 

Lilies are herbaceous perennial 
plants which persist for many 
years by means of their sub- 
terranean bulbs. The bulbs of 
some plants, Tulip and 

Bluebell (Scilla nutans) are of 
somewhat simpler structure than 
those of lilies. Closely similar 
to bulbs are comi’ of the 
Crocus) ill which the storage 
tissue belongs to the stem instead 
of to highly modified leaves. 

Rhizomes^ which are horizontal 
subterranean stems, also frequently contain large food 
reserves, as in many Irises. Plants which perennate by 
means of subterranean storage organs are said to be of geo- 
philous habit. In Nature they often occur in regions which 
are arid during one part of the year or in woods in which the 
light conditions are only favourable for photosynthesis 



Fig. 95. — Seedling of a Lily 
(L. pardalinum) in its second 
year, bearing a foliage-leaf. 
C.R^ contractile adventi- 
tious roots , ^ showing trans- 
verse wrinkling ; G. . ,G, le%"el 
of ground. Natural size. 
(R.S.) 
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during spring. Bulbs and corms can withstand desiccation 
in the dormant condition. 

Summary 

If we now shortly sum up those essential points in the 
life-history of the Lily in which it serves as a type of the 
Monocotyledons generally, we find that the following are 
the chief: 

(1) In the external morphology the most striking point is 
the predominance of adventitious roots, the main root serving 
a merely temporary purpose, namely, the nutrition of the 
seedling. The explanation of this peculiarity is to be found 
in the mode of growth of the plant as a whole. The main 
root is a slender structure, corresponding to the small dimen- 
sions of the thin basal portion of the stem, with which it 
develops simultaneously. Hence, as the stem becomes for a 
time larger and larger in each successive node and internode, 
the root becomes more and more inadequate to supply its 
needs. The root has no secondaiy growth in thickness, and 
therefore cannot make good its deficiencies. Thus the 
requirements of the plant can only be satisfied if the 
later-formed bulkier portions of the stem produce new^ 
and larger roots proportioned to the organs which they 
supply. 

(2) The primary bundle-system in the mature stem and 
its adventitious roots is on the whole more complex than in 
Dicotyledons, the individual bundles being more numerous, 
and their course, in the stem at any rate, less simple. In 
the leaf we have, as a rule, what is called “ parallel vena- 
tion, ’’ which means that there are a number of large longi- 
tudinal bundles with more delicate transverse connections. 
The presence of numerous main bundles in the leaf goes 
together with the complex conducting system of the stem. 
In many Monocotyledons the leaf-bases are broad, with 
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numerous bundles entering them from the stem, though 
this does not apply to the White Lily. 

(3) The closed structure of the vascular bundles, and the 
general, though not universal, absence of secondary thicken- 
ing in Monocotyledons, have been sufficiently dwelt upon 
above. These characters render necessary the greater com- 
plexity of the primary tissues, and also explain the absence 
of a persistent tap-root, which without cambium cannot 
satisfy the needs of the plant as it grows in bulk. 

(4) Perhaps the most constant character of all is found in 
the structure of the embryo, with its single terminal cotyle- 
don and lateral growing-point. It is this peculiarity, more 
than any other single character, which separates the Mono- 
cotyledons from the Dicotyledons as a distinct Class. We 
have now considered the distinctions between the two 
Classes ; their points of agreement scarcely need to be 
emphasised. 

The general morphology is alike in both : stem, leaf, and 
root show the same distinctive characters, both internal and 
external. 

The structure of the tissues, as distinguished from their 
arrangement, is similar in the two Classes. 

The most striking agreement, however, is in the horal 
organs. Speaking broadly, we may say that there are no 
characteristic differences between the two Classes here. 
Their similarity is equally marked, whether we con- 
sider the generarplan of the flower, the structure of its 
several organs, or the minute details of their development. 
Apart from one or two trivial and not very constant differ- 
ences, we may say that every detail in the development of 
the perianth, of the stamens, of their pollen-sacs and pollen, 
of the pistil, the ovules, the embryo-sac and the endosperm, 
as well as the process of fertilisation, shows the most minute 
correspondence in both Classes. In fact, so close is the agree- 
ment in all important characters, that if we want to find a 
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ready means of distinguishing these Classes by their flowers, 
we have to fall back on arithmetic, and make what use we 
can of the rule that in Monocotyledons the parts of the 
flower are usually in threes, and in Dicotyledons in fours or 
fives ! 

On the whole, we may say that the points of agreement 
between our first two types much outweigh the points of 
difference. 

The classes Dicotyledons and Monocotyledons together 
constitute the sub-kingdom characterised by 

the fact that the ovules are contained within a closed ovary, 
and that consequently fertilisation has to take place through 
the intervention of a stigma. 
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' ■ , OUTLINES OF PHYSIOLOGY 

In stud j^ing our first two types we have obtained a general 
idea of the form and structure of the root and shoot in 
green plants. We have also learnt something as to their 
functions. It will be well for us, however, before proceeding 
further, to endeavour to gain a more connected view of the 
mode of working of the vegetative organs. We have to learn 
what food the plant needs ; from what sources its various 
kinds of food are obtained ; what changes they have to 
undergo in order' to be made use of by the plant ; 'we have 
also to inquire how plants respire ; and generally, what are 
the actions which a plant carries on as a 'living organism. 
All these are physiological questions, for we have already 
learnt that physiology attempts to answer what is the work 
done by plants and their organs. We shall only tiy here to 
give a very short and simple answer to these inquiries ; 
anything like, a full ansm^er would require .an advanced 
knowledge of . physics .and chemistry, which we' must not 
take ,for g,ranted. A little, ; elementary knowledge , of these 
two 'Subjects is ' indeed absolutely necessary,, if we wish to 
understand even the simplest facts about .the life of 
p'lants. .' , „ . 

I. The Food of Plants , — ^The first step necessary in order 
to understand anything about the nutrition of plants is to 
learn what chemical elements a plant contains^ Probably 
most of the elements which exist have been detected at some 
time or other in plants ; those, however, which are con- 
stantly present in appreciable amount, are only thirteen in 
number, namely, carbon, hydrogen, oxygen, nitrogen, 
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sulphur, phosphorus, potassium, calcium, magnesium, iron, 
sodium, chlorine, and silicon. But although these elements 
are constantly found, on chemically analysing green plants, 
it does not follow that they are all necessaiy to the life of the 
plant. Many of them we know to be so, because they enter 
into the chemical composition of the substances of which 
the tissues of the plant consist. For exarnple, the three 
elements, carbon, hydrogen, and oxygen, constitute cellulose 
and starch ; the proteins, of which the cytoplasm is com- 
posed, contain, in addition, nitrogen and sometimes sulphur; 
while phosphorus is regularly present in the substance of 
the nucleus. As regards the other seven elements, analysis 
does not tell us whether they are necessary to the life of the 
plant, or whether they may not be taken up simply because 
they are present in the soil. 

This question can only be answered by experimental 
cultures, so arranged that we know exactly what chemical 
bodies are supplied to the plant. 

The simplest method is by means of cultivation in water. 
We must take care that the water used is pure to begin with, 
and therefore carefully distilled water must always be chosen. 
To this water we add small quantities of the chemical 
compounds with which we wish to experiment. These 
compounds when in solution are broken up into ionSy e.g, 
potassium nitrate (KNO^) in water becomes dissociated 
into potassium (K) and nitrate (NO.j) ions. Hence the same 
four types of ions will be present in a solution of potassium 
nitrate (KNOg) and sodium chloride (NaCl) as in a solution 
of potassium chloride (KCl) and sodium nitrate (NaNOg). 
In the dilute solution used in water cultures the salts are 
practically completely dissociated. It is in the form of ions 
that the substances dissolved in the water pass into the plant. 
It will be well to choose such compounds as are known to 
be present in a natural soil. 

We may begin with a food-solution composed thus : 
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Water^(HaO) . : . 1000 cubic- centimetres 

Potassium nitrate (KNOg) . ■ ' - .. . . t'O gram 

Sodium chloride (NaCi—common salt) . > *S gram 

Galcium sulphate (CaS04) *5 gram : : 

Magnesium sulphate (MgS04) . , - • *5 gram 

Calcium phosphate (Ca3(P04)2) . . , . -5 gram 

Iron chloride (Fe2Cl6) . . . . . a trace. 


j It will be seen* that the amount of the various salts is very 

I small in comparison with the bulk of water. Plants in 
nature take up their food, in so far as it is supplied by their 
roots, from very weak solutions, 

A seed (say, of the Maize, or Bean, or Pea, or Buck- 
wheat) is allowed to germinate in damp sawdust. The 
' seedling is washed in distilled water, and is then fixed in a 
split cork fitted into a wide-mouthed bottle, with its root 
dipping into the food-solution with which the bottle is filled ; 
the young plant is exposed to light. We have spoken of a 
food solution^ but one of the salts, calcium phosphate, is only 
very slightly soluble in water, and most of it will remain as a 
powder at the bottom of the bottle. 

Now, in a water culture of this kind, most kinds of young 
plants will remain healthy and continue to grow ; they will 
even in time flower and ripen its seed. In fact, under these 
artificial conditions, the plant may be brought successfully 
i through its entire life-history, while the amount of its 
organic substance is increased, it may be several hundred- 
fold, as compared with the quantity contained in the seed 
to start with. The success of -this experiment proves that 
the compounds presented to the plant contain all that is 
necessary for its nutrition. Yet, among the elements con- 
! tained in the water and salts of the food-solution, one is 

; conspicuous by its absence ; we have given the plant no 

I carbon whatever. We know, however, that the dry-weight 

: of a plant — that is to say, its weight after evaporating the 

water which it contains — is half made up of carbon. We 
know’’ also that every organic substance — cellulose, starch, 
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sugar, protein, or anything else which goes to build up 
an organism — is a compound of carbon ; we know, then, 
that as the organic substance of a plant has inGreased some 
hundredfold, so also has its carbon increased in like propor- 
tion: Our specimen, then, has obtained abundant carbon, 
but not from the food-solution, and therefore not by means 
of its roots. The only remaining source is the atmosphere, 
and the carbon can only have been obtained by means of 
those organs which are exposed to the air, namely, the leaves 
and stem. If a seedling plant is kept in air devoid of carbon 
dioxide it will soon cease to increase in weight. 

We will return later to the question how the plant obtains 
its carbon ; our immediate object is to determine which of 
the other elements are essential. It will be noticed that no 
compound of silicon was added to the water, and this element 
certainly cannot be obtained from the air. Some trifling 
quantity might possibly be derived from the glass of the 
bottle, but the amount to be thus obtained is too small to 
be of any importance. We infer, then, that silicon, in spite 
of its general presence in plants, is 7iot essential to their 
nutrition. This does not prove that it is of no use. To 
many plants, such as grasses, silicon is of great importance 
in hardening the outer surface of the epidermis, and thus 
rendering it a better protection against parasites, but as food 
silicon is not necessary to the plant. 

Of the salts olTered to the plant, sodium chloride can easily 
be proved not to be essential. If it is left out altogether, the 
plant will still flourish and come to maturity. The sodium, 
then, can certainly be dispensed with. It is said that for 
some plants chlorine in some form or other is needed, but 
certainly this is not the case with most ; yet these two 
elements are constantly present in plants, simply because 
they are constantly present in the soil. 

If, however, we omit any of the other elements from our 
food-solution, the plant suffers. Suppose, for example, that 
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no compound of iron be added to the water ; for a time the 
seedling grows normally ; the new leaves which are formed, 
however, are not green, but yellowish — in fact, they contain 
no true chlorophyll.^ Hence no assimilation of carbon can 
take place, and no further increase in the organic substance 
of the plant can be produced. The reason why the first few 
leaves are green is that a certain amount of iron is contained 
in the seed. The disease caused by the want of iron is called 
chlorosisy which means pallor, and is very easily cured. If 
a few drops of a solution of an iron salt be added to the 
water, the pale leaves soon begin to turn green, and the same 
result is produced if the surface of the leaf be painted with 
the dilute iron compound. It is very important to add no 
more iron than is necessary. In quantities sufficient to 
colour the water it is poisonous to the plant. The way in 
which iron is necessary is thus made quite clear. Without 
iron no true chlorophyll can be formed. 

Carbon, hydrogen, and oxygen are the constituent 
elements of carbohydrates {e.g. sugar, starch, and cellulose) 
which enter largely into the living processes and structure 
of plants. The necessity for nitrogen, sulphur, and phos- 
phorus is easily proved experimentally. Suppose, for 
example, that we wish to determine whether phosphorus is 
essential. All we have to do is to leave out the calcium 
phosphate from the food-solution and substitute for it the 
same quantity of calcium sulphate. The growth of the seed- 
ling soon ceases — as soon, in fact, as the phosphorus in 
the seed has been used up. In like manner we can prove 
the necessity for nitrogen and sulphur. The presence of 
potassium, calcium, and magnesium is also essential. If we 
substitute sodium nitrate for potassium nitrke, the seedling 
stops growing ; and the same is the case if we replace the 
calcium and magnesium- compounds by those of any other 
metals. These elements are in some way or other necessary 

^ See p. 29. 
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for growth ; in their absence the formation of new organic 
substance is checked. Their exact mode of action, however, 
is uncertain, although magnesium is known to be an essential 
constituent of true chlorophyll. 

We learn, then, by this method of water culture and by 
other considerations that the essential elements for the 
nutrition of most green plants are only ten in number, 
namely, carbon, hydrogen, oxygen, nitrogen, sulphur, 
phosphorus, “potassium, calcium, magnesium, and iron.^ 

Something must be said about the source of nitrogen. 
Nitrates, such as potassium nitrate, are, as we have seen, 
quite successful as a source of nitrogen to the plant. If we 
use ammonium compounds, such as ammonium phosphate 
((NH4 ).:jP 04), instead of nitrates, the plant will also flourish, 
but it is possible that in this case the amrnonium compound 
is converted into a nitrate before being made use of. There 
is some evidence that more complex nitrogenous compounds 
can be absorbed by certain plants. If, however, we leave 
out nitrogen compounds from the food-solution altogether, 
most plants will starve. Yet we know that the atmosphere 
consists of of nitrogen to of oxygen, approximately. In 
most cases, then, the free nitrogen of the air cannot be assimi- 
lated by plants. It is known, however, that there are im- 
portant exceptions to this rule ; plants of the Pea family 
(Leguminosae), for example, are able, under certain condi- 
tions, to supply their demand for nitrogen entirely from the 
air, while no nitrogenous compounds are ojffered to their 
roots. The conditions under which this takes place, however, 
can only be understood after we have made ourselves 
acquainted with some .of the simplest vegetable organisms, 
for it is only by the help of certain Bacteria living in 
their roots that leguminous plants can make use of 

^ It has been shown recently that minute amounts of some other 
elements, e.g, boron, zinc^ and manganese, are necessary for the normal 
growth of certain plants. These are called tracer or micro-elements. 
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atmospherie nitrogen, and so enrich the soil for future 
■crops.^' 

All crop plants absorb considerable quantities of nitrogen, 
potassium, and phosphorus from the soil, and of the elements 
obtained by plants therefrom these are the most likely to 
be deficient in adequate amount, especially when several 
successive crops have been taken from the land. Different 
crops absorb N, K, and P from the soil in differing degrees, 
so the well-known principle of the rotation of crops is gener- 
ally applied in arable farming. One of the best-known 
systems in eastern England is the four-course rotation of 
mangolds or sugar-beet, barley, clover, and wheat, grown in 
successive years. Clover is a leguminous plant and therefore 
tends to enrich rather than to impoverish the soil in nitrogen 
when the roots are ploughed in. This is followed by wheat 
W’^hich requires much nitrogen. The land is usually heavily 
dressed with farmyard manure, which is rich in nitrogen, 
potassium, and phosphorus, before mangolds are grown. 
Farmyard manure also contains much partly decayed plant 
material which has a beneficial effect on the soil apart fi'om 
its manurial value, increasing the water-holding capacity 
of the soil and improving its texture. Barley of good quality 
for brewing is obtained from a x*elatively poor soil so it is 
not usually manured. Other nitrogenous manures are 
sulphate of ammonia and sodium nitrate (Chili saltpetre). 
Potassium is applied manurially to such crops as potatoes 
in the form of potassium salts, and phosphorus is added to 
the land for certain crops, e.g. turnips, in the form of 
phosphates, especially superphosphate. Boron in very 
small amount is necessary for the healthy growth of sugar- 
beet (see Footnote, p. i8o), so on land known to be deficient 
in this element small quantities of borax are distributed 
(>ver the soil when this crop is to be grown. 

11. Assimilation of Carbon . — We will now consider the 
^ Sec Flo7verless Plants^ Chapter V. 
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question how a plant containing chlorophyll obtains its 
supply of carbon, which is essential for nutrition. We have 
already learnt that the plant certainly does not obtain this 
element by its roots, and that the air is the only source of 
carbon available. 

Now, the atmosphere contains carbon in the form of 
carbon dioxide. The proportion of this gas contained in 
the air is very small, amounting only to about three volumes 
in 10,000 volumes of air. Yet from this relatively small 
concentration the entire supply of carbon for most green 
plants is obtained. 

Carbon dioxide is formed whenever carbon is completely 
burnt, or, in other words, completely oxidised. It contains 
the maximum amount of oxygen with which carbon can 
combine. Now we know that the substance of plants is 
combustible ; in fact, all our fuels are directly or indirectly 
of vegetable origin. It follows, then, that the tissues of 
plants must be comparatively poor in oxygen, or they would 
not burn. Hence we see that the carbon dioxide of the 
air must lose the whole or part of its oxygen when it is 
assimilated by a plant. 

That green plants in sunlight give off oxygen is easily 
proved. Some pieces of any green water-plant (such as 
the Elodea, mentioned on p. 36) are put into a glass of 
ordinary water, which always contains some carbon dioxide 
in solution. The glass with the Waterweed in it is allowed 
to stand in a sunny place, and we soon see that bubbles are 
given off from the plant in a constant stream. If we catch 
these bubbles, as they rise to the surface, in an inverted 
test-tube filled with water, we find that they consist chiefly 
of oxygen, as can be easily shown by plunging a glowing 
match into the gas thus collected ; the match will at once 
catch light again. If, however, the plant be placed in water 
which has been previously deprived of its carbon dioxide 
by boiling, no oxygen will be given off. 
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If a plant, or simply some green leaves, be placed in 
a bell-glass, dipping into mercury below, and containing a 
measured quantity of carbon dioxide, and left for some 
time exposed to light, the volume of the gas in the jar remains 
unaltered. If the gas be analysed after some hours, the 
carbon dioxide will be found to have diminished, and the 
oxygen to have increased, and in fact the volume of carbon 
dioxide lost will be exactly equal to the volume of oxygen 
. gained. In other words, the plant has given out exactly as 

much oxygen as it has absorbed carbon dioxide. 

The decomposition of so stable a compound as carbon 
i dioxide is a very difficult process to carry out in the labora- 

I tory. Thus, in order to decompose carbon dioxide by heat, 
a temperature of no less than 1300° C. is required. Yet 
decomposition of carbon dioxide is carried on by the green 
I plant at the ordinary temperature of the air — say lo'" to 

30° G. The energy which enables a green leaf to do its 
work is derived from the rays of the sun ; plants will only 
assimilate carbon in the light.^ This is easily proved ; if 
we repeat the experiment just described in a dark place, no 
carbon dioxide is absorbed, and no oxygen is set free, 
i Other sources of light may be substituted for the sun. 

f Thus, plants will assimilate actively and continuously when 

exposed to electric light. As in Nature sunlight alone is in 
question, we may say that all the organic material of the 
I; world, all the animal and vegetable substance which it 

^ contains, has been directly or indirectly produced through 

the assimilation of carbon from carbon dioxide by green 
plants in sunlight. There are not many rules in science 
without an exception : rit has lately been shown that certain 
very simple organisms (Bacteria) are able to obtain their 
carbon from inorganic sources without the help> of light ; 
the amount of organic substance thus formed, however, is 
too small to affect our statement appreciably. It is only 
j ^ Hence carbon-assimilation is now often termed photosynthesis. 
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green plants, and green parts of plants, which can decompose 
carbon dioxide in sunlight. If we had used for our experi- 
ments coloured or white fldwers,'or colourless roots, or any 
part of a plant containing no chlorophyll, we should have 
found that no absorption of carbon dioxide or evolution of 
oxygen took place. It is not necessary that the plants 
should appear green externally, it is enough that they contain 
chlorophyll. For instance, the leaves of the Copper Beech 
are of a brownish-red colour, yet they assimilate like ordin- 
ary green leaves, because they contain chlorophyll, which, 
however, is disguised by the presence of a red colouring 
matter (anthocyanin) in the sap. 

We already know that chlorophyll is contained in the 
protoplasmic chlorophyll-granules or plastids. The whole 
apparatus is necessary for the work to be done ; the chloro- 
phyll is useless for the purpose of assimilation without the 
protoplasmic plastid, -and the plastid cannot assimilate 
without the chlorophyll. We are not at all clear at present 
as to the special duties performed by the two partners. Most 
probably the chlorophyll serves to catch certain rays of light, 
by the energy of which the plastid is enabled to do the work 
of decomposing carbon dioxide and water. It has been 
proved that the red rays of light are the most effective in 
promoting carbon-assimilation. The absorption spectrum 
of chlorophyll shows a conspicuous dark band in the red. 
Hence we know that these red rays are absorbed by the 
chlorophyll. It is very probable that it is the energy of 
these absorbed rays which is employed in the work of 
assimilation. 

We have now seen that carbon-assimilation is dependent 
on light ; it is also dependent on temperature. Although all 
other conditions may be favourable,' yet if the temperature 
be too low no assimilation takes place. Thus, in our experi- 
ment with the Elodeuy we should find little or no oxygen 
given off unless the temperature of the water was at least 
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; 6® C. The miliimum temperature varies very much for 

different plants, but for every plant there is a certain 
temperature below which no carbon dioxide can be 
decomposed. ; 

Light is not only necessary in order that the chlorophyll- 
containing organs may perform the work of assimilation, 

' but also, with few exceptions, for the formation of chloro- 

‘ phyll. Although the plastids are always present, the pigment 

chlorophyll is not generally formed in them in the absence 
of light. If a Potato plant be grown in the dark, it remains 
a yellowish colour in the absence of the two green pigments 
from the mixture of pigments which we have called chloro- 
phyll (see p. 29). We must be careful to distinguish between 
these two actions of light, which are quite distinct ; a plant 
will become green in the light even though it be kept in air 
containing no carbon dioxide, so we see that assimilation is 
not necessary for the production of chlorophyll, though the 
; presence of chlorophyll is one of the necessary conditions 

I of assimilation. 

^ A green plant kept in the dark cannot decompose carbon 

( dioxide, and therefore under these circumstances it forms 
no new organic substance. A potato kept in a warm and 
damp but dark cellar will often grow. It produces a pale, 
unhealthy, plant, with long stems and small leaves. 

If such a plant be dried and weighed, we find that its solid 
substance is not greater, but rather less, than that of the 
tuber from which it has developed. It has grown entirely 
I at the expense of the food-substances ready stored in the 

I tuber ; a great deal of water has been absorbed, but no new 

I organic substance has been formed ; on the contrary, some 

I has been lost, for a reason which we shall explain presently, 

i The plant, in fact, has earned nothing, but has been living 

I on its capital, and has naturally become poorer by doing so. 

j Again, no gain would accrue if a plant were allowed to 

f grow in the light, but in an atmosphere destitute of carbon 

I ■■■ 

I - ■■ 

I ■ ■ 
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dioxide. For the purpose of this experiment the specimen is 
grown under a bell-glass, into which air is admitted through 
a tube, containing pieces of pumice-stone soaked in a solu- 
tion of caustic potash (KOH). The potash absorbs the 
carbon dioxide, so that none reaches the plant. Here also 
the result is that no fresh organic material is formed ; if the 
plant grows at all, it does so at the expense of the food- 
substances which it had previously stored up. 

We may sum up our conclusions up to this point as 
follows: 

Green terrestrial plants, as a rule, obtain all their carbon 
by the decomposition of the carbon dioxide of the atmo- 
sphere. Similarly, green submerged aquatic plants obtain 
their carbon from the carbon dioxide dissolved in the 
water. 

Consequently, in the absence of carbon dioxide, mo fresh 
organic substance is formed. The decomposition of carbon 
dioxide can only take place under the action of light (the 
red rays being the most effective) and at a sufficient 
temperature. 

It can only be performed by those parts- of plants which 
contain chlorophyll in their plastids. 

This process of the assimilation of carbon from carbon 
dioxide may fairly be considered the most fundamental of 
all biological phenomena, for on it the whole existence of 
plants and animals is dependent. Herbivorous animals eat 
plants, and are in their turn eaten by carnivorous animals 
and by man. Our own life, and that of the whole animal 
kingdom, would thus be absolutely impossible without the 
work done by plant chloroplasts. 

We will now inquire what becomes of the carbon after it 
is taken up by the plant. We know in a general way that it 
is employed with other elements to build up the protoplasm, 
starch, cellulose, and other bodies of which a plant consists. 
Can we trace the stages of the process ? Our knowledge 


OUTLINES OF PHYSIOLOGY 


187 


here is still very imperfect, but yet something has already 
been made out. 

The facts are that carbon dioxide and water are converted 
eventually by the chloroplasts under the influence of light 
into carbohydrates, with the evolution of oxygen. A simple 
suggestion from the chemical standpoint has been made 
that in the first place carbon dioxide and water combine to 
make formaldehyde (CH^O), as indicated in the following 
equation — 

CGo+Hp^Cap+Oa. 

It is further suggested that the formaldehyde is converted 
into a sugar, e,g, one having the formula Ci-HigOg, which 
is the same formula as that for glucose, thus — 

6CH20=Q.HxA. 

On exposure to light the formation of sugar commences, 
the concentration of sugar in the mesophyll cell rises, and 
the rate of diffusion of sugar from the cells also increases. 
In many plants starch appears in the plastids when a certain 
concentration of sugar is attained. 

That starch is formed in certain plants as the result of 
carbon assimilation can be shown by simple experiments. 
Take a Pelargonium Geranium plant growing in a pot 
and keep it in darkness for two days to ensure that all the 
starch previously in the leaves has disappeared. (One of 
the leaves can be detached and tested for starch as outlined 
below,) Then, after covering the halves of several leaves 
with silver-paper to ensure that these parts remain in 
darkness, expose the plant to bright light for a period of 
four to six hours. At the end of this time cut off the leaves 
that were partly covered, remove the silver-paper, mark the 
halves distinctively that were exposed, and plunge the leaves 
in boiling water. Then place them in alcohol until they 
have been decolorised. Place the leaves on a white plate 
and pour over them a solution of iodine in potassium iodide, 
which stains starch grains a deep blue. Then transfer the 
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leaves to water. It will be seen that the halves of the leaves 
exposed to light are coloured bluish-black because of the 
coaceutration of starch-grains in the plastids, whereas the 
halves which were kept in darknps are yellowish (iodine 
stains proteins yellow). If a similar plant had been exposed 
to bright light in an atmosphere devoid of CO2 no starch 
would be formed in the leaves. 

To demonstrate this, it is best to use a shoot cut from a 
Pelargonium plant which has been kept in darkness for two 
days. Place the shoot immediately in a small beaker of 
water and stand it under a bell-glass on a plate covered with 
lumps of soda-lime, which should also be packed round the 
edge of the bell-glass. The soda-lime will absorb the CO., 
in the air under and diffusing into the bell-glass, rendering it 
unavailable to the plant. The reason for using a cut shoot 
in this experiment instead of a plant growing in soil is to 
avoid complications from the CO2 which may be produced 
in appreciable quantities by certain soils. A control experi- 
ment should be carried out at the same time, in which 
another shoot, similarly exposed to bright light, is placed 
in water under a bell-glass standing on stone chips, to allow 
of the diffusion of COg into the atmosphere surrounding the 
shoot. When, subsequently, the leaves are tested with the 
iodine solution as indicated above, it will be found that 
only those kept in the atmosphere containing CO^ will give 
the reaction for starch. 

In green submerged aquatic plants, carbon is obtained 
by photosynthesis from the carbon-dioxide dissolved in the 
water. Filaments of the Green Alga, Spirogyra, commonly 
found in ponds (see Part II., Flowerless Plants, Chapter III.), 
begin to form starch within an hour in their large chloro- 
plasts when they are exposed to bright sunlight or an 
electric lamp. This alga is particularly convenient for 
microscopic examination as the plant consists of a long 
filament of cells arranged end to end, and after staining with 
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a solution of iodine in potassium iodide the starch can be 
readily seen in the chloroplasts. Before placing the filaments 
in bright light they should be kept in darkness for forty-eight 
hours to ensure that no starch remains in the chloroplasts.^ 
To demonstrate that carbon-dioxide is necessary for photo- 
synthesis some filaments, exposed to bright light, are kept in 
water which has been freed of carbon-dioxide by boiling. 
In filaments kept in water devoid of carbon-dioxide no 
starch will be formed. 

In some plants, e,g. certain Monocotyledons, starch is 
never found in the leaves under natural conditions. That 
this is due, not to any inherent inability of the protoplasm 
to form starch, but to the sugar-concentration never reaching 
a sufficiently high level, is shown by the fact that starch 
formation can be induced in such leaves by placing them in 
a strong sugar solution. 

The change from sugar to starch can be reversed. On the 
coming of darkness, when sugar formation by photo- 
synthesis ceases, the diffusion of sugar away from the 
mesophyll cells continues for some time and more sugar is 
produced at the expense of the starch. When the concentra- 
tion of sugar has fallen to g certain level all the starch will 
have disappeared from the piastids. This concentration is 
practically the same as that at which starch formation began 
to take place during photosynthesis. Although under some 
conditions the amount of starch increases and under other 
conditions decreases in the mesophyll cells, there are reasons 
for supposing that the formation of starch from sugar and 
the formation of sugar from starch take place side by side, 
the net result depending upon which of the processes is the 
faster. 

^ It is best to carry out this experiment in spring or suromerj when the 
filaments of Spirogyra are usually vigorous. In winter the filaments are 
often moribund, and it is then practically impossible to de-starch them 
by keeping them in darkness. 
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It must be clearly understood that there is yet no proof 
that formaldehyde is first formed in the process of photo- 
synthesis. If it is so formed, it must be immediately com- 
verted into some other compound, e,g. a sugar, as formalde- 
hyde itself is poisonous to plants. Many of the . simpler 
kinds of sugar have been made in recent years by chemists 
from inorganic compounds in the laboratory, and it is an 
interesting fact that bodies of the nature of aldehydes are 
important links in the chain of reactions by which sugars 
have been artificially produced. 

Starch is an insoluble form of carbohydrate, which is 
convenient for storing purposes. Both in the chloroplast and 
in the leucoplast starch is produced at the expense of sugar. 
The difference between them consists in the origin of the 
sugar, which in the former case is the direct result of photo- 
synthesis, while in the latter the sugar has been transported 
away, sometimes after conversion from starch, to other parts 
of the plant where the leucop lasts occur. 

If starch is formed, it has to be rendered soluble in order 
to be transportable to the other parts of the plant. It is 
well known that starch can be converted into sugar by means 
of a complex of enzymes called diastase^ which is derived 
from the protoplasm, and is found, for example, in large 
quantities in gerniinating seeds, such as those of barley 
during the process of malting. It has been proved that 
diastase is present in the leaf, and this probably serves to 
convert into sugar the starch which is formed in the 
chloroplasts. 

The sugars pass from the mesophyll cells to the phloem 
cells of the small veins and are then transported along the 
sieve-tubes to other parts of the plant. This process is known 
as trandocaiion. The sugars may go to the seats of growth, 
such as the apical growing-points, or the cambium, to be 
employed chiefly in the formation of new cell-walls, or they 
may be conveyed to organs which serve as storehouses of 
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reserve food, such as the endosperm or the cotyledons in a 
seed, the tuber of a potato, or the root of a turnip. In these 
regions the sugar is very often reconverted into starch by 
the leucoplasts ; it may, however, be stored up in a soluble 
form, as inulin in the dandelion, or cane-sugar in the beet. 
In some cases it is employed to form enormously thick 
cellulose walls, as in the endosperm of many Palms ; these 
cell-walls are dissolved again on germination, and so 
rendered available as food for the seedling. In other cases, 
again, as in oily seeds, the non-nitrogenous food-materials 
are stored, not as carbohydrates, but as fatty oils. 

The most complex of the nitrogenous food materials are 
th.t proteins^ which are essential for increasing the protoplasm 
itself. Proteins are formed by combining nitrogen with 
organic compounds, derived from carbohydrates, which con- 
tain carbon, hydrogen, and oxygen only. Some proteins 
contain sulphur and phosphorus in addition. The elements 
N, S, P are absorbed by the roots in the form of the ions of 
nitrates (or of ammonium salts), sulphates, and phosphates. 
Combination to form protein may occur in any cell well 
supplied with carbohydrate, but is particularly active in green 
leaves in light. Green leaves export much of the protein so 
formed to other parts of the plant, ^.^. growing-points and 
seeds. For this transport, which takes place along the sieve- 
tubes, the proteins are partly converted into simpler soluble 
nitrogenous compounds. In seeds the proteins may be stored 
as granules such as the aleurone grains (see p. 33). 

Ill, Absorption .— have now obtained some idea of 
the chief nutritive processes of a chlorophyll-containing 
plant, but we have still to inquire how the various food- 
substances are absorbed. 

It is by way of the stomata that the bulk of the gaseous 
interchange between the green parts of plants and the 
atmosphere takes place. During photosynthesis the carbon 
dioxide dissolved in the water contained in the mesophyll 
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cells is used up ; more carbon dioxide dissolved in the wet 
walls surrounding the cells passes into the cells to take its 
place ; in turn more carbon dioxide in the intercellular 
spaces of the mesophyll becomes dissolved in the wet cell 
walls, and this is replenished from the external atmosphere. 
Although illustrated by a step-to-step process, in reality 
there is* a constant diffusion of carbon dioxide from the 
outside atmosphere through the stomata into the chloro- 
plasts within the mesophyll cells. 

The extremely small size of the stomata! pores, through 
which the gases have to pass, may seem a difficulty, but it 
has recently been proved that the rate at which a gas will 
diffuse through an opening varies, not with the area of the 
opening, but with its diameter. Hence a large number of 
minute pores is far more effective as a means of diffusion 
than a smaller number of larger pores having the same total 
area, so the epidermis with the stomata widely open does not 
offer a great resistance to the passage of gases. 

The mineral substances taken up by the root are absorbed 
through the root-hairs, where these are present, and must 
be taken up from solution. Yet we know that many plants 
flourish well in a comparatively dry soil. In such a soil, 
however, each particle of earth is surrounded by a film of 
water, which adheres to it firmly. The root-hairs attach 
themselves to such particles, and are thus enabled to absorb 
a part of the watery film which surrounds them (see Fig. 29). 
The root-hairs, however, are not dependent entirely on salts 
which are ready dissolved in the water of the soil. They 
are able to render other compounds soluble. Calcium 
phosphate, for example, is only soluble to a very small extent 
in water. The root-hairs, however, give off carbon dioxide 
in solution, by which minute quantities of salts are dissolved, 
and can then be absorbed as ions. This solvent action of 
the root-hairs can be proved by growing plants in a thin 
layer of earth covering a slab of polished marble. After 
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some time, an exact print of the course of the roots will be 
found on the smooth surface of the marble, which has become 
corroded wherever the hairs of the roots have been in contact 
with it. 

The passage of water into a root-hair has been explained 
on purely physical grounds. If water containing substances 
in solution is separated from pure water by a membrane, 
e.g. parchment, which lets water pass through, then water 
will tend to pass into the solution, the attraction oi the solu- 
tion for the water being greater the stronger the solution.. 

. The hydrostatic pressure on the solution which will just 
prevent the movement of water through the membrane is 
called the osmotic-pressure^ hence we speak of the osmotic- 
pressure of the solution. In a root-hair the concentration of 
substances dissolved in the cell-sap is usually greater than 
that in the surrounding soil water. Hence the cell-sap tends 
to draw water from the soil through the cell-wall and proto- 
plasmic lining of the cell. As water passes into such a cell, 
the cell-sap increases in volume and exerts an outward 
pressure on the cell-wall. This is stretched and presses 
inwards on the cell-sap. As more water passes in and the 
stretching increases, a point is reached at which the inward 
pressure of the wall {wall-pressure) just prevents the further 
entrance of water, although the concentration of substances 
dissolved in the cell-sap is still greater than that in the soil 
water. The actual pulling force of the root-hair on the 
water in the soil is called the suction-pressure. This is equal 
to the osmotic-pressure of the cell-sap in the root-hair minus 
the wall-pressure. A living cell, e,g. a root-hair, which is 
extended and is made relatively rigid in this way, is said to 
be turgid. When the root-hair is fully turgid the suction- 
pressure is zero. The turgidity of the living cells in young 
stems and leaves is the most important factor in maintaining 
the rigidity of these tissues. To return to the root-hairs : 
in the cell adjoining the root-hair there are also substances 
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in solution in the cell-sap. This cell tends to draw water 
from the root-hair in the same way that the root-hair does 
from the soil. As the adjoining cell draws water from the 
root-hair, the wall pressure of the latter decreases, and so 
the root-hair can now draw more water from the soil to 
make up for that lost to the adjoining cell. In this way the 
root-hair acts as a channel for the water from the soil to the 
cell adjoining the root-hair. This adjoining cell continues to 
take up water via tht root-hair until its wall is stretched to 
the point at which further passage of water is prevented. 
In this way we can proceed all over the plant. Since the 
chain of cells between any one cell and the soil merely acts 
as a way for the passage of water, the chain cduld be replaced 
by a column of water in a tracheid or even a wet tracheid 
wall. It should be realised that there are many channels 
from the soil water to any one cell, so that other paths remain 
open even if one is rendered unavailable, e,g, if a tracheid 
becomes empty or its walls dry. 

When the plant is losing no water all the living cells 
have their walls stretched to the point at which no more 
water can be drawn from the soil. When, however, water 
is lost in transpiration by a mesophyll cell of a leaf, the wall 
pressure decreases and so the cell can now draw water from 
its neighbouring cells. The wall pressure in these is 
reduced and they can draw water from more remote cells, 
and so on, until the soil is reached. This goes on con- 
tinuously and not step by step. It is rather like the start of 
a train in which the trucks are connected by means of iron 
bars instead of slack chains. In such a train the last truck 
would start almost simultaneously with the engine. The 
water passes up to a transpiring mesophyll cell along many 
paths. Most of it passes along the path of least resistance, 
which is probably the tracheids and vessels of the vascular 
system. 

We now turn to the passage of salts into the plant. The 
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cell- wall and protoplasm of the root-hairs are permeable to 
some of the salts in solution, Le, to their ions, in the soil 
water. Different kinds of protoplasm are permeable to 
ions in varying degree. The concentration of these salts, 
by diffusion, tends to become the same inside the root-hairs 
as outside in the soil water. As these substances are used 
up in the growth of the plant, the meristems draw on the 
surrounding cells, which eventually draw on the root-hairs, 
into which more of the substances pass from the soil 
Substances in solution may also pass into and 'be distributed 
over the plant without going through the cytoplasmic 
membrane into the vacuoles of the living cells, the path 
traversed being the wet walls and perhaps the cytoplasmic 
lining of the living cells and the walls and lumina of dead 
vessels and tracheids. In those parts of the plant such as 
tracheids, where the solution can move bodily, the salts 
move along with the water, and hence transpiration, which 
causes the water movement, will favour the movement of 
the salts. When there is practically no water movement 
{e,g, into protected buds) the salts move by diffusion only.^ 
IV. The Ascent of the Sap , — The ascent of the sap through 
the plant is a subject which is by no means thoroughly 
understood at present. There are two distinct processes 
which have to do with it : one h root-pressure^ the other is 
transpiration. The water taken up by the root through its 
hairs is forced upwards, as can be easily proved by cutting 
off the stem or branches of a plant, especially in spring, when 
the ascent of the sap has begun, and before there is any 
appreciable loss of water from the surface of the leaves. 
From the cut stumps of the stem or branches great quantities 
of water, amounting in some cases to several litres, are 
exuded. This has long been observed in the case of the 
Vine in spring, when it is said to bleed. The same thing can 
be seen at any time during active vegetation, but in the 
* Some translocation of salts may take place through the phloem. 

14 
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summer the plant is losing water rapidly by its leaves, with 
the result that the water in the vessels is often under tension. 
Consequently, when a stem is cut off, air is drawn into the 
open vessels and some time elapses before exudation of 
liquid from the stump begins. 

This exudation of liquid is due directly or indirectly to 
the activity of the living cells of the plant. Various sugges- 
tions have been made as to' the mechanism which is involved. 
It is thought by some that the living cells of the endodermis 
in some manner take in water from the cortex of the root 
and force it out on the side towards the vessels. The 
cortical cells from which the water is drawn will absorb water 
from the cells nearer the root surface, and this will continue 
until the root-hairs draw water from the soil. The water 
forced into the vessels will result in exudation. Another 
suggestion is that substances such as sugars are produced by 
living cells in the wood, and that this sugar passes into the 
vessels and draws water from the soil as would a sugar solu- 
tion in an osmometer. In this case a sugary solution would 
be forced out of the cut surface of a stem. 

If root-pressure acted alone, the pressure of liquid in the 
wood might result in water being forced out of the plant. 
This actually happens in certain cases ; after a damp, cool 
night, when little or no transpiration can take place, we 
find that the leaf margins of many plants are studded with 
drops of water, which we might very easily mistake for dew. 
If wiped off, however, the drop’s soon reappear in the same 
spots, and, in fact, they come from within, not from without, 
being excreted by the plant. When no transpiration is pos- 
sible a plant may lose water in the liquid form. That such 
loss is not always due to root-pressure is suggested by the fact 
that in some plants the point where the w^ater is exuded is 
a gland ; if this gland is poisoned, then excretion ceases. 

This state of things, however, is exceptional. In the day- 
time, under the influence of light and heat, the stomata are 
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active, and through them water is given off in the form of 
vapour. That this is so is easily proved. If a plant be placed 
under a bell-glass, the soil in which it is growing being 
completely covered with tinfoil, so that no evaporation from 
the earth is possible, we find that dew is soon deposited 
on the inside of the glass. This dew can only have been 
produced by the condensation of the aqueous vapour given 
off by the plant. Under ordinary conditions the air in the 
bell-glass soon becomes saturated with vapour, and no further 
transpiration is possible. If, however, we place under the 
bell-glass some calcium chloride (CaClg), or other substance 
which absorbs water vapour, we can obtain a measure of the 
transpiration of the plant, for the increase in weight of the 
calcium chloride in a given time is due to the water which 
it has absorbed and which was previously transpired by the 
plant. The quantity of water given off by transpiration is 
very large, amounting, as has been calculated, to from 50 
to 100 litres a day in the case of a large tree. 

Now, this emission of water vapour goes on mostly 
through the stomata. In very young leaves, before the 
cuticle has been fully formed, the surface of the epidermis 
itself can give off vapour ; but in mature functional leaves 
the cuticle is nearly impermeable to water, and the 
stomata are the chief means for its exit. The stomata, 
therefore, by their opening and closing can regulate the 
transpiration of the plant. Generally speaking, they open 
in light and close in darkness, they open when the 
conditions are favourable for assimilation* Thus transpira- 
tion and assimilation go on together, an arrangement which 
evidently has advantages, for the current set up by transpira- 
tion raises within the plant the water and mineral matter 
without which growth cannot take place, 

A few words must be said as to the mechanism of tlie 
stomata, though the subject is too difficult to be discussed 
fully here. As a general rule, the stomata open when the 
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guard-cells are turgid, and close when they are flaccid. 
This can be proved simply enough in the case of large 
stomata, such as we find in many Monocotyledons, A piece 
of epidermis is removed from a living leaf and mounted 
under the microscope, first of all in distilled water. The 
guard-cdls curve more and more, and the pore between 
them opens to its full extent (see Fig. 96, S) ; next we replace 
the water by a solution of common salt — a strength of a per 
cent, is sufficient. The curvature of the guard-cells now 

diminishes, and as they 
straighten themselves the 
pore between them closes 
(see Fig. 96, A). Now, how 
are we to explain this ? In 
the first experiment water 
is absorbed into the guard- 
cells, and so their turgidity 
is increased. In the second 
experiment the salt solution 

»“>■ fro-” 

tion ; the guard-cells are flaccid, fully turgid guard-Cells, and 
and the pore closed. B, In dis- ,1 . 1 . n -n ^ 

tilled water ; the guard-cells are they tend tO Collapse. But 

turgid, and the pore wide open, why do the guard-cells be- 
Magnified about 150 diameters. , . . 

(R. S.) come more curved as their 

turgidity increases ? This is 
mainly due to the ridges by which the wall of each 
cell is strengthened on the side towards the pore. This 
'side of the cell is more rigid than the other, and so 
offers more resistance to stretching when water is taken 
up. Hence the more turgid’ the guard-cells become, 
the more do their outer walls stretch as compared with 
their inner walls, and hence the cells become more and 
more convex towards the exterior, and concave towards 
the pore. When water is withdrawn from the cells, just 
the reverse happens ; the outer walls shorten more than the 
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inner, and so the guard-cells tend to become straight and 
to close the pore between them. The mechanism of the 
stomata is in reality much more complex than appears from 
the above account, but the changes described are among the 
most important of those which bring about the opening and 
closing of these organs. We have learnt, then, this much : 
the stomata open in light, and they open when the guard- 
cells are turgid. ' Can we, however, explain why the guard- 
cells become turgid in light ? Although the exact significance 
of the chlorophyll-granules in the guard-cells is unknown, 
it has been shown that, in light, the starch in the guard-cells 
is transformed into sugar, thereby increasing the osmotic- 
pressure of the cell-sap. Water is absorbed from the neigh- 
bouring cells, so increasing the turgidity of the guard-cells 
and causing the stomata to open. In darkness, on the other 
hand, some of the sugar in the guard-cells is converted into 
starch, resulting in a reversal of the changes previously 
described and leading finally to the closing of the stomata. 

The aqueous vapour transpired by the stomata comes 
immediately from the intercellular spaces, into which it has 
been given out by the mesophyll-cells, including those of the 
spongy parenchyma. As transpiration goes on, the cells of 
the mesophyll constantly tend to become poorer in water, 
and they make good their loss by taking up fresh supplies 
from the water-conducting tracheids of the vascular bundles, 
by which every part of the leaf is traversed. We see now 
how appropriate is the comparison which has been drawn 
between the network of bundles in the leaf and the system of 
irrigation channels in a water meadow. 

The rate at which water vapour passes out through a 
stoma depends upon the difference between the relative 
concentrations of water vapour outside and inside the stoma. 
When this difference is great, transpiration is rapid. 
Transpiration will tend to be greater with the air relatively 
dry. The removal of water vapour from outside a stoma 
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by diffusion is a relatively slow process. The removal, 
however, is quickened by bodily movement of the air, and 
hence transpiration is increased by wind. Increase of 
transpiratioii consequent upon increase of wind velocity and 
decrease in atmospheric humidity often results in the guard- 
cells losing their turgidity, with the consequence that the 
stomata close. The transpiration may thus become even 
less than before. In some plants the loss of water by 
transpiration may be so great that the shoots lose their 
turgidity and wilt. It is not uncommon to see the leaves 
of a field of turnips wilted during a hot day. Provided 
that wilting is not too prolonged and the water-loss is not 
excessive, the leaves again become turgid as transpiration 
falls at night. 

The more active the transpiration, the less will the supply 
of water by root-pressure be sufficient. The result will be 
that the water in the tracheae ^ will be under tension, instead 
of being under pressure. Some investigators claim that the 
tension is so great that the continuity of the water columns 
is broken in some places. That the supply of water by root- 
pressure alone is often unable to make good the loss due to 
transpiration from the leaves is shown by the following 
experiment. If an actively transpiring plant be cut off just 
above the ground and placed with its cut end in water, the 
amount which its leaves give off as vapour may be more than 
ten times as much as that which is pumped up from the 
stump by root-pressure during the same time. 

That the water ascends the stem through the wood can be 
well shown in any dicotyledonous tree in which the wood 
forms a continuous ring. Indeed, the experiment might be 
quite well carried out on our dicotyledonous type, the Wall- 
flower, but a larger w^oody plant is more convenient for the 
purpose. A ring of tissue is removed from the stem, the part 
stripped off reaching inwards as far as the cambium, so that 
^ A term used to include both vessels and tracheids. 
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the whole of the cortex and phloem are taken away. The 
wound is covered up with damp cotton- wool, or protected in 
some other way against evaporation. No withering of the 
leaves takes place, they remain indefinitely fresh and turgid as 
before ; and if we measure the transpiration, the amount of 
water vapour given off is found to be undiminished. Hence 
it is evident that the current of water goes up just as well 
when the phloem and cortex are interrupted as it does when 
they are complete. Only the wood and pith remain for it to 
pass through. It makes no difference to the result of our 
experiment if, as is usually the case, the pith is completely 
dried up and quite incapable of conducting water. Hence 
we can only conclude that the whole ascending current of 
sap passes through the wood. 

In many trees, as for example the Beech, the whole 
thickness of wood continues to conduct water, even in trees 
more than a hundred years old. In others, as in the Oak, 
it is only the outer layers, forming the sap-wood or alburnum, 
by which water is conducted. In the latter case, if we repeat 
our ringing experiment, but make a deeper incision than 
before, so as to remove the outer, more lightly-coloured 
wood, as well as the phloem, we get quite a different result. 
The leaves wither and dry up, and after a time all transpira- 
tion ceases ; the water supply has evidently been cut off 
from the part of the tree above the incision. 

Experiments in which plants are made to absorb coloured 
fluids have proved that it is through the vessels and tracheids 
of the wood that the water ascends ; the fibres take no part 
in the process. Whether the living cells of the woody paren- 
chyma and of the medullary rays do or do not help in the 
conduction of water is still an open question. 

There is still considerable dispute as to the causes of the 
ascent of water in the wood. The activity of living cells of 
the root may have something to do with the forcing of water 
into the vessels, or the living cells may produce substances 
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which pass into the vessels and draw in water osmotically. 
The constant loss of water vapour from the transpiring 
leaves is considered by some to be the most important factor 
in the ascent of water through the wood. This loss will 
cause a tension in the water in the vessels, and this will draw 
water through the wood, provided the continuity of the 
water is not completely broken under the strain. Both the 
above processes may be at work at the same time. 

Certain physical forces can be eliminated as affording an 
explanation of the rise of the transpiration current. Atmo- 
spheric pressure will only maintain water to a height of about 
33 feet. We know that some trees are about 300 feet high, 
and yet their topmost branches suffer no lack of water. 
Capillary action, by which water rises in narrow tubes, will 
not account for maintaining sap in the vessels and tracheids, 
for these natural tubes are not nearly narrow enough to 
maintain water to anything like the height required. Thus, 
in a tube inch in diameter, which would be rather small 
for a wood-vessel, water will only rise by capillarity to a 
height of about two feet. 

A very tempting explanation, which many botanists have 
adopted, is to suppose that the living cells of the wood take 
part in the work, absorbing water from the vessels, and 
pumping it out again under pressure. As in certain cases, 
however, experiments appear to show that the sap will 
continue to rise in stems more than 33 feet high, which have 
been completely killed, this explanation is open to much 
doubt. 

It has, however, been shown recently that a column of 
water will bear a considerable tensile stress without rupture. 
Many botanists now think that, in conjunction with the 
forces available in the root and the pull exercised by tran- 
spiration from the leaves, the tensile strength of the water 
columns in the tracheae is sufficient to account for the ascent 
of sap to the tops of the tallest trees. 
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V, Respiration . — We will now leave the subject of nutri- 
tion, and say something about a chemical process of quite 
another kind, in which the plant instead of gaining substance 
loses it, but in doing so sets free energy some of which 
is used. This process is the breathing ox fespiration of 
plants. So long as plants are in active life, the great majority 
of them, like animals, are continually taking up oxygen 
from the air, and giving off carbon dioxide. The latter, as 
we know, is a product of the combustion— that is, the 
oxidation, of materials containing carbon. The oxygen 
taken up is used for the controlled oxidation of certain 
organic compounds. The carbon dioxide produced is given 
off again into the air. The breathing of plants is, in fact, 
just the same thing as our own breathing, or that of other 
animals. We must be very careful not to confuse respira- 
tion with carbon-assimilation. In both processes an ex- 
change of gases between the plant and the atmosphere goes 
on. In older tissues oxygen obtains access to the inner living 
cells by way of the lenticels, and it must be remembered 
also that small amounts of oxygen are dissolved in the 
water absorbed by the roots. In assimilation, however, the 
plant gains carbon at the expense of the carbon dioxide of 
the air, while in respiration it loses carbon at the expense 
of its own carbon compounds. The former is a constructive 
process, by which more complex bodies are built up out of 
simpler ones ; the latter is a destructive process, by which 
complex substances are broken down into simpler ones. In 
assimilation reduction takes place, while respiration is a 
process of combustion or oxidation. 

In the case of green organs exposed to light, the two 
processes go on together. In light of ordinary intensity 
assimilation is much more vigorous than respiration, so that 
carbon dioxide is decomposed much more quickly than it 
is formed. In darkness, however, assimilation ceases, and 
then it is easy to prove that carbon dioxide is given off. The 
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same Is the case, whether in light or darkness, with any 
organs which are not green, such as flower-buds or seeds 
just beginning to germinate. In order to prove that carbon 
dioxide is evolved, a number of seeds are allowed to ger- 
minate under a bell-glass, which is fitted with tubes through 
which a current of air can be drawn. The air which enters 
the apparatus is deprived of all its carbon dioxide by passing 
through a solution of caustic potash. The same air, after it 
has passed over the seeds, is drawn through baryta water, in 
which it throws down a precipitate, owing to the formation 
of barium carbonate (BaCO^). By drying and weighing the 
precipitate, we can tell how much carbon dioxide has been 
formed by the germinating seeds in a given time. 

As a rule, the volume of carbon dioxide given off in 
respiration is about equal to the volume of oxygen taken in. 
Organs can, however, continue for some time to respire — 
that is, break down organic compounds with the production 
of carbon dioxide, even in the complete absence of oxygen. 
In this process, which is called anarobic as distinguished 
from aerobic or normal respiration, the organic compound 
respired is broken down into two parts, one fully oxidised, 
carbon dioxide, the other partly deoxidised or reduced, 
alcohol or some similar compound. - Since these reduced 
compounds are often injurious, anserobic respiration can 
only continue for a limited time in most plants. 

All living parts of plants respire. Even when the proto- 
plasm is dormant, as in a dry seed, respiration continues, 
although it may be extremely slow. Respiration is, indeed, 
one of the fundamental properties of protoplasm. The 
plant, in fact, like an animal, must respire in order to live, 
but as in most cases the plant does not have to execute such 
active movements as an animal, the actual amount of oxygen 
which it has to consume is so much less. 

Respiration being a form of combustion, heat must of 
necessity be set free. As a rule, however, no consequent 
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rise of temperature is observed in the case of plants ; for 
the plant in most cases loses heat as rapidly as it gains 
it. An ordinary leafy plant has an enormous surface in 
comparison with its bulk, and is thus exposed to very rapid 
cooling, both by radiation and conduction. The vaporisa- 
tion of water during transpiration also uses up more heat 
than respiration can supply. It is only when actively breath- 
ing organs are crowded closely together in a confined space 
that a rise of temperature can be detected. If the bulb of a 
thermometer be thrust into the midst of germinating seeds, 
a temperature about C, higher than that of the sur- 
rounding air may be observed, and in some plants with 
very crowded flower-buds, enclosed in a sheathing bract, a 
much greater rise of temperature takes place in consequence 
of respiration (as in 

VI. Growth,— By growth, increase in size is usually 
meant. This generally involves increase in weight, although 
a seedling growing in darkness may actually lose weight 
notwithstanding the increase of the young plant in length. 
Normal plant growth, however, involves an increase of both 
size and weight. 

In plant as in animal growth the protoplasm increases in 
amount, and one of the most remarkable properties of life 
is the enormous increase of protoplasm during the develop- 
ment of the seed into the adult plant. An oak tree, for 
instance, contains many thousand times as much protoplasm 
as the acorn from which it sprang. All this growth in the 
protoplasm arises from the intake into the protoplasm of the 
acorn of simple food substances from the soil and air, and 
the elaboration of these into additional protoplasm. 

It has been explained in earlier chapters of this book that 
growth in flowering plants takes i^lace by means of meristems 
or groups of actively dividing cells. These meristems are 
confined to the apical regions in most monocotyledonous 
stems and roots, but in Dicotyledons there are additional 
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meristems, viz. the cambium and the phellogen (or cork 
cambium), both in stem and root. Any cell which retains 
its protoplasm is potentially capable of division, but resump- 
tion of meristematic activity in highly vacuolated cells is 
exceptional apart from the development of the interfascicular 
cambium and the phellogen in Dicotyledons. 

Growth in length of the stems and roots of flowering 
plants involves two distinct processes. In the first place the 
apical meristems give rise to new cells. These also divide 
for a time, but most of them, even in Dicotyledons, then 
cease to divide. At this period vacuoles appear in the 
cytoplasm, and many of the cells become greatly distended, 
especially in a longitudinal direction. This elongation of cells 
no longer dividing is responsible for a large part of the 
increase in length of stems and roots. In the process of 
extension each cell at first elongates slowly, then more 
rapidly, and finally slowly again until it reaches its 'maximum 
length. As might be expected from the position of the 
elongating cells, the region of maximum elongation in stems 
and roots is not exactly at the apex of the stem or root, but 
is some distance behind it. If, for instance, the radicle of 
a germinating Broad Bean, when about an inch long, is 
marked from the apex backwards with rings of Indian ink 
at intervals of iV inch, and is then allowed to grow 

vertically downwards in a moist atmosphere, it will be found 
after a short time (twenty-four hours) that the rings of 
Indian ink are now unequally spaced. The apical zone will 
be slightly longer than of an inch, the second zone (from 
the apex) will have elongated most, the third zone will have 
elongated much less than the second zone, the fourth zone 
will have elongated only very slightly, and the fifth and 
subsequent zones will have elongated not at all. 

Like all other physiological processes the rate of growth 
is dependent upon such external conditions as temperature 
and light, and upon certain internal conditions such as the 
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I age and degree of turgor of the cells. Other things being the 

j same, a plant grows more rapidly the higher the temperature 

I up to a certain point, beyond which the rate of growth 

I decreases. In most plant stems the rate of elongation is 

I greater in darkness than in light. The rate of elongation of 

I a developing stem, e.g, that of a sunflower, is not uniform 

I throughout the whole period of .development : at first the 

rate of elongation is small, then it increases to a maximum, 

I after which it becomes slower again, and finally ceases as 

i the plant reaches its full height. In this respect the elonga- 

tion of the whole shoot is comparable with that of the 
s individual cell. 

Most plants growing in temperate- countries like Britain 
show marked periodicity of growth according to the season. 

: Generally speaking, growth is most active in the spring and 

early summer, it slows down in autumn, and it is often 
completely in abeyance during winter. With the rise of 
temperature in spring the solid food reserves stored in the 
tissues become converted into soluble substances, sugar 
and the like, which pass to the growing-points of the stems 
and roots and also to the cambium when present. The 
cells of these meristematic regions then begin to divide and 
j form new cells. In an Oak tree, for instance, most of the 
I buds begin to expand into new shoots. Much food material 
is required for this comparatively sudden onset of growth in 
• the spring. This is conveyed to the growing regions partly 

by the phloem and partly by the xylem. Although the xylem 
j generally transports chiefly water and mineral substances in 

solution, in the early spring it may, especially in trees, 
conduct upwards considerable quantities of sugar in solu- 
tion, derived from the starch or fats stored in the*" wood 
during the winter. In the Sugar Maple of Canada, a large 
tree, the sap is commercially extracted from the wood in 
early spring to obtain sugar. 

Some plants, how'^ever, which grow in temperate countiies, 
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are dormant during the summer instead of winter. Tulip 
and Daffodil bulbs and Crocus corms, which are dormant 
during the summer, put out new roots in autumn, and 
before the winter is over green leaves appear above the 
ground. . 

VIL Movement of Plant Organs . — It is commonly sup- 
posed that one of the chief diflFerences between plants and 
animals is that the former remain fixed in one position while 
the latter move freely. This belief is not strictly true, for 
as will be seen in Part 11. of this book {Flowerless Plants)^ 
some of the lower plants move as freely as the simplest types 
of animals. Even in the flowering plants many of the plant 
organs move in response to changes in their surroundings 
although the plants as a whole remain fixed. 

Let us consider in the first instance the behaviour of the 
young growing shoot and root of a flowering plant such as 
the Broad Bean {Vida Faha). Normally the young root 
grows vertically downwards and the young shoot vertically 
upwards. This is true also if the plant is grown in complete 
darkness. If, however, still keeping the plant in darkness, 
it is turned on its side so as to make the root tip and the 
shoot tip horizontal, it will be found that movements take 
place in shoot and root which in a short time result in the 
root tip again pointing vertically downwards and the shoot 
tip vertically upwards. 

If, for example, a seedling bean with a radicle about an 
inch long is pinned to a cork with the radicle horizontal, 
and kept under- moist conditions so that growth may be 
continued, the portion of the young root just behind the 
tip will begin to show a downward curve within a few hours. 
In forty-eight hours or less the extremity of the root will be 
pointing vertically downwards while the rest will still be 
horizontal. The region in which the curvature takes place 
is a short zone just behind the root tip, and if, before 
putting the radicle horizontal, it is marked in the manner 
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described on p. 206, it will be seen that the region of curvature 
coincides with the region of most rapid growth in length. 
The movement of the tip from the horizontal to the down- 
wardly pointing vertical position is, in fact, brought about 
by growth, the cells on the lower side of the elongating region 
growing more slowly than those on the upper side. When, 
however, the root tip points vertically downwards again this 
difference in the rate of growth on the two sides of the root 
disappears and growth continues in a straight line. 

Growth movements of this kind, whereby the organ, when 
displaced from its normal position with reference to some 
external factor, is brought back to its normal orientation, are 
called tropisms. The external factor in the present case is 
the gravitational attraction of the earth, acting in the direc- 
tion of the earth’s centre of gravity. Since the response of 
the radicle is one which brings the root tip to point and grow 
towards this centre of gravity, the radicle is said to be 
positively geotropic. 

That the response of the radicle is a response to the 
changed direction of action of gravity on the plant organ 
can be shown by the following experiment. A germinating 
bean is fastened on to a vertical wheel so that the radicle lies 
at right angles across a radius. The vertical wheel is now 
kept spinning rapidly. This has two effects. In the first 
place it neutralises the effect of gravity on the radicle, since 
the radicle now passes rapidly through all possible orienta- 
tions with respect to gravity. In the second place it brings 
into play an exactly similar mechanical force (centrifugal 
force) which acts, however, not downwards towards the 
centre of the earth, but outwards from the centre of the 
wheel along all mdii. It will be found that in a few hours 
the radicle has curved so that the tip is pointing and growing 
outwards along a radius. 

The part of the root that perceives the stimulus of gravity, 
i.e. the part that is sensitive to a change in the direction of 


210 „ FLOWERING PLANTS 

action jof gravity, is not the same as that which responds. 
If the root tip of a similar bean seedling is carefully cut off 
with a sharp razor, then, although the radicle continues for 
a time to grow in length, it will no longer, when laid hori- 
zontally, respond by curving downwards. From these and 
other experiments it is known that the root tip is the region 
of perception oi the altered position. 

Response is brought about by means of a special growth- 
regulating substance called auxin, which moves back from 
the tip to the elongating region. When the tip points 
vertically downwards, auxin moves from it uniformly on all 
sides to the growing region so that growth continues in a 
straight line. When the root tip is horizontal, more auxin 
moves out from its lower half and less from its upper half, 
so that the cells on the lower side of the elongating region 
receive more auxin than those on the upper side ; and since, 
in the case of the root, the effect of auxin is to slow down 
the rate of elongation, the lower side of the radicle now 
extends less rapidly than the upper, and a downward 
curvature results. 

We must now consider the behaviour of the young shoot 
of the bean. When placed horizontal this responds by 
curving so as to point and grow vertically upwards, away 
from the earth’s centre of gravity. It is said therefore to be 
negatively geotropic. (Placed across a radius on a vertically 
revolving wheel the plumule curves so as to point towards 
the centre of the wheel, whereas the radicle curves so as to 
point outwards along a radius.) 

As with the root, the perception of the altered position 
lies in the apex of the organ (here the plumular bud), and 
the response in the elongating region. Like the root tip, the 
stem apex is continually producing auxin and gravity has 
in both cases exactly the same effect on the distribution 
of the auxin, i,e. more moves out and back from the apex 
along the lower side and less along the upper side. 
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But, whereas the elongation of the root cells decremed 
by auxin, the elongation of cells in the stem is increased 
by auxin. So the cells on the lower side of the growing 
stem, receiving more auxin from the horizontally placed 
apex, %row more rapidly and so produce the upward 
curvature (negative geotropic response) of the stem. As the 
apex is brought nearer and nearer to the vertical the flow of 
auxin down the two sides becomes more and more alike, 
until when the apex points vertically upwards the flow is 
uniform and growth continues in a straight line. 

A word should now be said about the roots and shoots 
of older plants. Primary roots produced by the continued 
growth of the seedling radicle are almost always positively 
geotropic, as also are many adventitious roots. Secondary 
roots, which arise as branches from the primary, usually 
take up a position directed obliquely downwards at a more 
or less constant angle. They will curve back to this angle if 
tilted. They are said to be plagiotropic with respect to 
gravity. If, however, the primary root is injured one of the 
secondary roots becomes positively geotropic and grows 
vertically downwards. 

Most of the primary shoots of plants and also the main 
aerial shoots from rhizomes are negatively geotropic, and if 
placed horizontal while they are still elongating will curve 
upwards again. Lateral branches usually grow out from the 
main stem at an angle which is characteristic of the particular 
plant. Like secondary roots they are plagiotropic but differ 
in that they are usually directed obliquely upwards instead 
of obliquely downwards. If the tip of the main stem is 
destroyed one or more of the lateral branches becomes 
negatively g^eotropic, so replacing the lost leader.” 

In what has been said so far about experiments on plant 
shoots it has been assumed that the plants were kept during 
the experiments either in complete darkness or in light that 
was uniform on all sides of the shoot. This is very important, 
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since growing stems respond very readily to differences in 
the light intensity on different sides of their apices. The 
young stem responds by curving towards the side having the 
higher light intensity and is said therefore to be positively 
phototropic. Everyone must have seen this effect on the 
growing stems of plants grown in a room near a window. 
In the open field or garden the light intensity is usually 
equal on all sides of the shoot so that main shoots grow 
vertically upwards. As with the geotropism of shoots the 
apex is the region of perception and the elongating region 
is the region of response. Auxin, too, plays the same part. 
When the apex is erect and equally lit on all sides auxin 
moves down from the apex in equal amounts on all sides 
and growth is continued in a straight line. But when one 
side of the apex is lit more strongly than another, then less 
auxin passes down that side (the “ light ’’ side) and more 
down the other side (the shade ’’ side). Consequently in 
the elongating region the “ shade ” side grows faster and a 
curvature towards the “ light side results.^ 

Leaves are usually diaphototropic. Their phototropic 
response brings them into a position ih^ which they are 
transverse to the principal direction of the light, with their 
upper surfaces facing the brightest light. This usually takes 
place by a twisting of the petiole and may be well seen in 
privet shoots. In these shoots the leaves are borne in four 
rows at right-angles ; but whereas in shoots taken from the 
top of the bush the leaves will be found standing out equally 
on all sides, with their surfaces facing upwards, in shoots 
from the side of the bush lower down the petioles have 
twisted so as to make all the leaves face outwards. There 
appear at first sight to be only two rows of leayes on these 
shoots. 

^ Auxins play a part in a number of other interesting and important 
growth responses, including the outgrowth of lateral buds when the 
terminal bud is removed, and the development of new roots on cuttings. 
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Roots which normally grow in the soil do not, as a rule, 
show any phototropic response. (The primary root of the 
mustard seedling which is markedly negatively phototropic 
is an exception to this general rule.) ^ 

Roots are, however, very readily influenced in their 
direction of growth by differences in humidity on the two 
sides. They respond by growing towards the region of 
greater humidity, Le. ' they are positively hydwtropic. The 
actual direction of growth of any one root will be a com- 
promise between the geotropic and the hydrotropic response, 
and, if the humidity difference is made great enough, con- 
siderable deviation from normal downward growth may 
result. If, for example, barley seeds are sown, in moist’ 
sawdust, on a narrow- meshed sieve, which has been hung 
obliquely in the air, the roots will at first grow vertically 
downward through the meshes. But, as the root tip grows 
dowm away from the oblique sieve, it comes into a region of 
air in w^hich there is a very marked gradient of humidity. 
Since the humidity of the air on the side tow?ards the sieve 
is greater than that on. |he side away from the sieve, the 
root tip begins to curve jrbwards the sieve and the root 
finally grows obliquely down, along, or just inside the lower 
surface of the sieve. 

The growth movements of stems, leaves, and roots, to 
which w^e have referred, are found in all higher plants and, 
as we have seen, account for the actual position these organs 
take up during normal growth. In climbing plants other 
growth movements play a part. In tendril climbers, for 
instance, the tip of the tendrils (usually a modified leaf) 
responds to contact with a solid object such as a stick or 
stem of another plant by growing faster on the opposite side. 
In consequence, the tip curls firmly round the support. 
This is known as hapiotropism. In twining plants such as 
the hop there is no response to contact, but the shoot tip, 
as it grows, traces a spiral path in the air and so coils 
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round any support which it may encounter as it spirals 
'Upwards. ' 

In addition to growth nxovements (tropisms) whose direc- 
tion is determined by the direction of action of some 
external factor, there are movements which are indeed 
brought about by changes in the environment but which are 
not related to the direction, if any, in which the external 
factor is operating. Many flowers, e.g. Tulip and Crocus, 
open by day, especially in warm bright weather, but close 
at night, or in dull cool weather. This response is largely 
due to change of temperature. 

In some plants, e,g, clover, the leaflets are expanded and 
■ horizontal during the day but bend downwards at night, the 
diurnal movement being due to expansion or shrinkage of 
small swellings (pulvini) at the base of the leaflets. In one 
plant belonging to the same family as clover, namely, 
Mimosa pudica^ ‘‘the Sensitive Plant,’’ the leaf is also 
extremely sensitive to contact. When it is touched at the 
tip the leaflets rapidly droop in succession from the tip, 
and if the stimulus is great enough, the whole leaf also 
droops, through the response of the main pulvinus at the 
base of the petiole. 

Rapid responses of this kind are rare in plants. The 
slower growth responses to gravity, light, moisture, and 
temperature are, however, almost universal in the higher 
plants and, as we have seen, they are responsible for the 
characteristic positions which the organs take up as they 
grow and develop. In general, the responses are advan- 
tageous to the plant. Under natural conditions, the negative 
geotropic response of the seedling shoot brings it into the 
air and, further, its positive phototropic response brings it 
from shade into brighter light. Again, the leaves on the stem 
normally respond so as to face the* strongest light. The 
tropistic behaviour of the stem and leaves is thus clearly 
related to the assimilatory function of the foliage, and 
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similarly the movements of the corolla of many flowers are 
related to pollination, especially by insects. The positive 
geotropism of the main root brings it down into the soil, the 
oblique geotropism of the laterals results in a root system 
permeating an increasing volume of soil as the plant above 
ground grows larger, while the positive hydrotropism of both 
main and lateral roots tends to bring the whole root system 
into the region of greater soil moisture. The relations 
between this behaviour and the root function of absorbing 
water and solutes is obvious. 

It is, however, important to realise that a tropism is not in 
itself necessarily advantageous. Conditions can be arranged 
in which a response, favourable in ordinary conditions, 
becomes unfavourable. If, for instance, a small seed is sown 
at the bottom of a deep flower pot, the plumule will begin 
to grow upwards through the soil and may use up all its 
stored food without reaching the surface, whereas if it had 
grown down, it might quickly have reached the air and light 
through the hole in the bottom of the pot. In general, we 
may say that the responses which plants make to most 
commonly occurring environmental conditions are advan- 
tageous — that is, they favour the survival of the plants in 
their natural environment. 
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TYPE III 

THE SPRUCE FIR {Picea excelsa, Link) 

1 . EXTERNAL CHARACTERS 

The Spruce, a type which will be well known to all readers, 
is a coniferous forest tree, sometimes reaching as much as 
150 feet in height. It is not a native of Britain, though 
frequently planted. Small specimens of this Fir are those 
generally used as our Christmas trees. In Northern Europe 
and in the mountainous districts of Central Europe the 
Spruce forms large woods, and extends almost to the extreme 
limits within which trees can grow. In the North it reaches 
Lapland and Arctic Russia, while on the Alps it is found up 
to a level of more than 6000 feet. There are many kinds of 
Spruce Fir. The species we shall describe, Picea excelsa^ is 
often called the Norway Spruce. 

The tree has a pyramidal form ; its main stem is straight 
and vertical. The principal branches grow out from it 
almost horizontally or slope slightly downwards ; the smaller 
twigs are nearly upright. 

The leaves are spirally arranged and crowded together. 
They are needle-shaped, and are bluntly four-cornered in 
transverse section. Each leaf is traversed from end to end 
by a single vein (see Figs, 97 and 102). In the closely related 
Pines the leaves are borne in twos, threes, or fives on short 
shoots. 

The branches arise in the axils of the leaves, but only 
a very snfell proportion of the axillary buds are ever 
developed. 

316 
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The root-system consists entirely of the tap-root and its 
numerous ramifications. Both stem and root, like those of 
Dicotyledons, grow in thickness from year to year. Hence 
the main stem and its branches have a somewhat conical 
form, for they are thickest at the base and taper gradually 
towards the apex. The older parts of the stem are covered 
by a scaly bark, which peels off in thin flakes. 

■ The tree is evergreen — that is, it does not shed ail its 
leaves in any one season ; the same leaves remain upon it 
for about three years, and new leafy shoots appear each 
spring, so that the tree is never bare. Most of the near 
allies of the Spruce are evergreen, but the Larch is deciduous. 

The young shoots, which will expand in the following year, 
pass the winter in the form of buds, which are enclosed 
within the bud’-scales ; these are modified leaves of a light 
brown colour, and thin membranous texture. 

As with all other types of trees the Spruce does not bear 
reproductive organs until it is several years old. The 
Spruce, like most, though not all of the cone-bearing trees, 
is monoeciouSy^ i,e. the cones are of distinct sexes but are both 
borne on the same plant. They are extremely different 
from the flowers which we have considered hitherto, and 
indeed bear little resemblance to the flowers of any of the 
Angiosperms. One peculiarity which is common to the 
cones of both sexes, is that the floral axis is elongated and 
bears spirally-arranged leaves, so far resembling an ordinary 
vegetative branch, whereas in typical angtospermous flowers 
the axis is shortened, and the floral leaves are therefore 
brought close together at nearly the same level. 

The male cones of the Spruce are borne in spring in the 
axils of the leaves of a shoot formed in the previous year (see 
Figs. 97, B, and 1 1 1 , A), The cone or strobilus begins with a 
short stalk, on which are borne some bright green bracteoies. 

Hower, like that of the Wallflower or Lily, which- -contains both 
stamens and pistil, is called 
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There is no perianth; above the bracteoles the axis only 
bears the stamens, which are numerous and arranged in 
a spiral. The leaf-like stamens are of a bright red colour ; 
in each of them the free end of the staminal leaf is bent 
upwards at an angle with the horizontal stalk. On its lower 
surface the stamen bears two pollen-sacs, lying side by side, 
parallel to the stalk (see Fig. in). The details of the pollen- 
sacs and pollen will be described later. 



Fig. 97. — A, Twig of Picea excelsa, bearing a young female cone. 

B, Twig bearing several male cones. C, Ovuliferous scale 
from the female cone of ^4, showing two winged ovules on 
the upper surface. A and B slightly reduced, C enlarged. 
(After Beissner.) 

The female strobili or cones grow at the ends of last year's 
twigs (see Fig. 97, A), At the end of May, when the cones 
open, they are from to 2 inches in length and of a beautiful 
red colour. At this time they are erect ; later on they become 
pendulous. The cone consists of a central axis, bearing 
crow’-ded spirally-arranged ovuliferous scales. Each ovuli- 
ferous scale is of an obovate form (see Fig. 97, C), often wdth 
a blunt point at the end. These scales are not themselves 
the carpellary leaves, though they have all the appearance 
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of foliar organs. More careful examination, however, shows 
that each ovuliferous scale stands immediately above a small 
narrow pointed leaf, which is called the carpellary scale. 
Except in the youngest stages these little leaves are very 
inconspicuous compared with the ovuliferous scales, but 
they are developed before them, and, in fact, each ovuliferous 
scale arises at first as an outgrowth from the upper surface of 
the carpellary scale and close to its base* The ovuliferous 
scales soon outgrow the carpellary scales which produce 
them, and by the time the flower opens they alone can be 
seen from outside, the carpellary scales being quite buried 
between therp. 

Each ovuliferous scale bears on its upper surface and near 
its base two ovules, with their micropyles directed inwards 
towards the axis of the cone. Each ovule is attached to a 
flat wing, much larger than itself, which is formed from the 
upper surface of the scale (see Fig. 97, C). 

When the female cone matures, after its ovules have been 
fertilised, it undergoes but little change compared with an 
angiospermous flower w^hen it becomes a fruit* The whole 
cone; however, grows much larger, attaining a length of 
from four to six inches. The scales first turn green and then 
brown, growing hard and woody, and the ovules, as they 
ripen into seeds, acquire a hard testa. Their wings remain 
attached to them, and become dry and membranous. The 
scales of the cone close firmly together, shutting in the seeds. 
We thus see that all the parts which constituted the young 
cone are still pi'esent at maturity, which is not often the case 
with the angiospermous flower and fruit. 

The seeds are ripened in the autumn after flowering, but 
it is only in the following spring that the scales of the cone 
open out and the seeds fall. The wing to which each seed is 
attached offers a broad surface to the air, and so enables the 
seeds to be scattered more widely by the wind. 

The most Striking point in the whole history of the 
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female cone, as compared with the flower of an Angiosperm, 
is that there is no closed ovary at the time of pollination. 
When this process takes place, the scales are separated from 
one another sufficiently to leave an open passage down to 
the ovules, and it is upon the micropyle of the ovule itself 
that the pollen falls. There is thus no need for a stigma 
and a style. On this character, which is common to the 
whole Class of cone-bearing trees and their allies, the name 
GymnospermSy or plants with naked seeds, is based. The 
group of the Gymnosperms to which the Spruce Fir belongs 
is the Cmiferm on which also include the Pines, 

Larches,' Cypresses, Junipers, and the Yew. , 

It is only after pollination that the scales close up so as 
to shelter the developing seeds, opening again when the 
latter are ripe, and so allowing them to escape. The gymno- 
spermous structure is an obvious difference from other 
Flowering Plants, and will prepare us for the still greater 
differences which we shall find when we come to consider 
the development in detail. 

Having now given a brief sketch of the chief points in the 
external morphology of our type, we will go on to examine 
its more minute structure. 

11 . ANATOMY OF THE VEGETATIVE ORGANS 

a. Stem 

The structure of the young stem in its main features is 
closely similar to that of a normal Dicotyledon (see Fig. 98). 

The central cylinder or stele contains a single ring of 
vascular bundles enclosing a pith. The bundles themselves, 
just as in Dicotyledons, are collateral, with their xylem 
directed towards the centre, and their phloem towards the 
exterior of the cylinder. These bundles pass out one by one 
into the leaves, each of which receives a single bundle only 
(see Fig. 98, 1 ), The bundles in the cylinder are separated 
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from one another by the primary rays, which are only two 
or three cells in thickness. 

The primary bundles are of simple structure. The 
xylem consists entirely of tracheids and parenchyma 
associated with resin canals; no vessels are developed at 
any time in the wood, whether primary or secondary, of the 
Fir or any other cone-bearing trees. The protoxylem, which 
lies at the extreme inner side of the bundle, has the usual 
spiral or annular tracheids ; the phloem consists of sieve- 
tubes and parenchyma. There are no companion-cells, but 
certain cells of the parenchyma bordering on the sieve-tubes 
are richer in protein materials than the rest, and may 
discharge the function of companion-cells. 

Between xylem and phloem we find a layer of actively 
dividing cambium, just as in the vascular bundle of a 
Dicotyledon. Later on, but at an earlier stage than in the 
herbaceous stem of the Wallflower, divisions take place in 
the medullary rays, so as to form an interfascicular cambium 
which completes the ring. Fig, 98 shows a transverse 
section of a twig of the second year, when a good deal of 
secondary tissue has already been formed. The cambium 
acts precisely in the same way as in a Dicotyledon, and needs 
no special description. * 

The cortical tissue is chiefly remarkable because it contains 
a ring of resin canals {r in Fig. 98). The resin canal is an 
intercellular space, surrounded by a circle of thin-walled 
cells rich in protoplasm ; these cells secrete the resin, which 
is poured into the canal. The canal itself arises by the 
splitting apart of a group of cells so as to leave a space 
between them. The canals extend for long distances through 
the stem. The secreting cells lining the cavity are called the 
epithelium of the canal. The epithelium is surrounded by 
another ring of cells, which have rather thicker walls than 
those of the cortex generally. The resin may be of use to* 
the plant by rendering it distasteful to animals, which might 
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Otherwise attack the young twigs ; it probably has other 
functions also. Resin-canals are also present in the wood 
and medullary rays. They are by no means peculiar to 
Gymnosperms, occurring, for example, in the Ivy. 

The outline of the young stem, as shown in Fig. 98 in 
transverse section, is rendered irregular by the projecting 



year’s wood ; Xi, first year’s wood ; /, leaf-trace bundle. 
Magnified about 40, (R. S.) 

bases of the leaves. The older branches, however, are 
cylindrical. This change is due to the formation of periderm, 
which arises, as in the Wallflower, from a phellogen or cork 
cambium, but in the Fir the phellogen is formed by the 
division of a ring of cortical cells, not from the pericycle. 
Opposite the depressions between the leaf-bases the phel- 
•logen arises quite near the surface, but opposite the leaf- 
bases themselves it is deeply seated, and thus the whole 
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layer is nearly circular, as seen in transverse section (see 
pd in Fig. 98). Cork is formed by the phellogen towards the 
exterior, and everything outside the layer of cork dries up, 
and is cast off. Thus the irregularities of the surface are 
removed, and the hew surface formed by the cork is smooth 
and cylindrical. Later on, however, new layers of phellogen 
arise, by the division of deeper cortical layers, and so a scaly 
bark is formed, such as we find on the older stem or branches. 
The bark, as we know, consists of the cork, together with all 
the dried-up tissue outside it. ■ 

We will now go on at once to describe the changes which 
take place in the twig when it becomes a thick branch or 
trunk. After what xye have already learned of the develop- 
ment of the Wallflower, it is quite easy to understand this 
process, though the change from a little twig, Ar of an inch 
thick, to the stem of a great Fir-tree a foot or more in 
diameter, is certainly a remarkable one. 

We have seen that there is always a layer of cambium 
between the xylem and phloem of each bundle, and that 
by the divisions of the interfascicular tissue the cambium 
becomes rapidly united into a complete ring. When the 
cambial cells divide, they cut off cells on the inner side, which 
after one or more further divisions become elements of the 
xylem. In like manner the cells cut off from the cambium 
on its outer side, after subdividipg, become part of the 
phloem. Hence, just as in the Wallflower, the oldest part 
of the xylem is always that nearest the pith, while the oldest 
part of the phloem is that nearest the cortex. The most 
recently formed part of each is found near the middle of the 
secondary zone next the cambium. 

The secondary xylem or wood is of simple structure com- 
pared with that of most Dicotyledons. It consists entirely 
of tracheids and medullary rays ; there are no vessels, and 
there is no woody parenchyma, but the xylem is traversed by 
resin canals, which have their secretory epithelium. The 
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tracheids are long, pointed elements, reaching a length of 
from two to four millimetres ; they are as a rule pitted on 
their radial walls only. 

The pits are of the bordered kind, and afford the best 
examples of this structure. On each radial wall of the 
tracheid there is a single row of large bordered pits. 'Their 
construction is shown in Fig. 100. Seen in surface view. 



Fig. 99, — Radial section of the xylem and phloem of the Scotch 
Fir iPmussylvestris). xy^ xylem ; c, cambium ph, phloem ; 
a, a to i, i’j medullary ray ; t, tracheids of ray ; Sy 
starch-containing cells ; a, a, albuminous cells ; r.Sy 
starch-containing cells. Magnified. (After Strasburger.) 

i.e. in a radial section through the wood, each pit appears as 
two concentric circles (Fig. loo, A), The rneaning of the 
two circles only becomes clear when we examine a pit in 
sectional view, such -as we see in either a tangential (B) or a 
transverse (C) section of the wood. We now find that the pit, 
like all other pits, is essentially a thin place in the cell- wall. 
The thin part of the wall or closing membrane is over-arched 
on both sides by a circular rim, which projects over it so as 





THE SPRUCE FIR 


225 



to leave only a narrow opening in the middle of the rim. 
The closing membrane itself is not of equal thickness all over, 
but has a thicker part in the middle, called a torus {t in Fig. 
100, B and C). We now see that in the surface view (A) the 
outer circle corresppnds to the external edge of the pro- 
jecting border,, while the little circle in the middle is the 
opening in the border leading to the closing membrane. 
The structure of all bordered pits is similar, but they are 
most easily studied in plants of the Fir kind on account of 
their large size. 

We must remember that 
the tracheids are closed 
cells, so that no com- 
munication is possible 
between them except 
through their pits. The 
whole of the water which 
goes up a Fir-tree has to 
pass through the bordered 
pits thousands of times on 
its journey from the roots 
to the leaves. The thin 
membrane is protected 
from rupture by the torus. 

When the pressure is much higher in one tracheid than in 
its neighbour, the closing membrane is bulged out, becoming 
convex on the side towards the lower pressure. Thus the 
torus is pressed closely against the opening of the pit border 
on that side (Fig. 100, jB). The thin part of the membrane 
is thus supported by the border, and only the thickened 
torus is exposed to the full pressure. 

The border has another important function ; it serves to 
keep the closing membrane moist. In times when transpira- 
tion is very active, and the water-supply deficient, as in hot, 
dry summers, the tracheids become very nearly emptied of 


Fig. 1 00 .—Bordered pits of a Fir. /I, 
Part of tracheid with pit in radial 
view, B, Pit in tangential section : 

torus. C, Transverse section of 
tracheid, showing pits: /, torus; 
m, middle lamella ; inner layer 
of cell-wall. Magnified about 400. 
(After Strasburger.) 
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water. Within the minute cavities of the bordered pits, 
however, the water is held fast by capillary action, and so 
the closing membranes are prevented from drying up. 
Thus the entrance of air into the tracheids is guarded 
against. , 

The wood is not uniform all through. As everybody has 
seen, the wood of the Fir, like that of other trees in temperate 
cliipates, shows annual rings ^ each ring representing a yearns 
growth, so that by counting them the age of the tree can be 



Fig. ioi. — Portion of transverse section through the wood of 
Picea excelsa, showing spring and summer wood. The 
arrow c points towards the cambium, the arrow p towards 
the pith ; a, summer wood ; sp. spring wood ; begin- 
nmg^of summer wood of second year. Magnified 330. 

ascertained. Each spring the cambium becomes active and 
produces new xylem and phloem, but it is dormant during 
the winter. 

The reason why we can detect the annpal rings is that the 
wood formed in summer has a different structure from that 
developed in spring. Thus there is a sharp boundarv 
betw^een the summer wood of one year and the spring wood 
of the next. This difference in the case of the Fir-tree is 
due to the fact that in the summer wood the tracheids are 
much narrower radially and have much thicker walls than 
those fonned in spring (see Fig. loi). The layers of the 
latest-formed wood, unlike all others, have pits on their 
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tangential as well as on their radial walls. Through these 
tangential pits the water passes to the cambium, and to 
the spring wood as soon as it is formed in the following 
year... 

The medullary rays vary very much in size. Many of the 
rays are only one cell thick, and some of these may be only 
one or two cells in height ; others are several cells in thick- 
ness, and proportionately higher. The elements of which 
the rays are composed are of two kinds. Some are living 
parenchymatous cells in which starch is formed (see Fig. 
99, s). Others, however, completely lose their living 
contents, and become tracheids (see Fig. 99, t, t). These 
have bordered pits like the long tracheids of the wood, and 
their walls are irregularly thickened. These tracheids in 
the ray serve for the passage of water in the radial direction, 
so that by their help communication is kept up between the 
different layers of the wood. The parenchymatous ray-cells 
have only simple pits, except where they are in contact 
with tracheids, in which case the pits are bordered on the 
side towards the tracheid. The parenchymatous cells serve 
for the storage of reserve food-substances, especially starch 
and oil. The two kinds of elements in the ray are arranged 
in horizontal rows. Often we find rows of tracheids at the 
top and bottom of the ray, and parenchymatous cells in the 
middle. 

The resin canals which traverse the wood resemble those 
already described ; their cavity is surrounded by a layer of 
thin- walled secreting cells. In each of the larger medullary 
rays a horizontal resin canal is usually found. These hori- 
zontal canals are in communication with the vertical ones. 

Summing up the peculiarities of this example of coniferous 
wood, we find that its great characteristic as compared with 
the w^ood of a Dicotyledon is its greater uniformity. Vessels 
and woody fibres are both absent. The tracheids have to 
do duty for both, those of the spring wood taking the chief 
16 . 
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part in conducting water, while the thicker- walled summer 
tracheids serve mainly for strength. Ordinary wood- 
parenchyma is also absent, the only parenchyma, apart from 
the rays, being the secreting tissue of the resin canals. On 
the other hand, the rays themselves are more complex than 
those of most Dicotyledons. As the wood increases in 
thickness, new secondary rays are started by the cambium, 
just as we found in the Wallflower. 

The secondary of the Fir is made up of sieve-tubes^ 

variously modified parenchyma^ and phloem rays of complex 
structure. The sieve-tubes are long, pointed elements, 
resembling in form the tracheids of the wood. They have 
sieve-plates on their radial walls only (see Fig. 99, ph). 
The pores of the sieve-plates are excessively minute com- 
pared with those in Angiosperms. The sieve-tubes, as in 
other vascular plants, contain sugars and nitrogeneous 
substances, and transport them. The phloem parenchyma 
forms tangential bands between the zones of sieve-tubes. 
Some of its cells contain starch or crystals of calcium-oxalate, 
while others become very thick-walled, forming the stone- 
cells. 

The medullary rays in the phloem consist of two kinds of 
cells: (i) ordinary parenchymatous cells which form 
starch (see Fig. 99, r,s ,) ; (2) cells which are more elongated 
in the vertical direction, contain no starch, and are very rich 
in proteins (see Fig. 99, a, a). These cells (which are called 
the albuminous cells) communicate by pits with the sieve- 
tubes, and are believed to fulfil the same functions as the 
companion-cells of angiospermous sieve-tubes. 

The phloem ray is simply the outer part of the same 
medullary ray which passes through the xylem, and the 
cambium serves for the growth of, both (see Fig. 99). 

We see, then, that the portions of the medullary rays 
which pass through the phloem show a similar differentiation 
to that of the same rays in the xylem. In both alike there are 
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two kinds of elements, one kind serving for the storage of 
reserve materials, while the other forms part of the conduct- 
ing sSystem. 

The starch which is stored in the medullary rays during 
the winter becomes converted into sugar in spring ; this is 
conveyed to the cambium and the growing regions at the 
extremities of shoots and roots. 

b. Leaf 

The leaves of the Spruce and those of most Coniferje 
differ greatly from the typical leaves of Dicotyledons. They 
are small and needle-shaped. In our type they are veiy'- 
simple in structure, and the bundle-system especially is 
much reduced. As we have seen, a single vascular bundle 
enters each leaf from the stem. Sometimes this bundle 
divides into two, which run side by side through the leaf. 
In other cases, as in that figured, the bundles are united into 
one (see Fig. 102). The bundle forms part of a central 
cylinder which traverses the leaf from end to end, and is 
continuous with the tissues of the central cylinder of the 
stem. The cylinder of the leaf is surrounded by the meso- 
phyll, which in this species shows no distinction between 
palisade and spongy parenchyma, though in some other 
Conifers this differentiation is present. 

We will now consider the structure of a leaf more in 
detail. The form of the leaf as seen in transverse section is 
quadrangular. Its natural position is such that the diagonals 
of the square are vertical and horizontal (see Fig. 102). The 
epidermis has a thick outer wall, which is cuticularised. The 
stomata are arranged in lines along each of the four flat 
surfaces of the leaf. The guard-cells are sunk below the 
surface, and are almost covered in above by two very thick- 
walled epidermal cells, so that scarcely anything can be seen 
of the stoma itself in a surface view of the leaf. In a trans- 
verse section (see Fig. 103) there appear to be two pairs of 
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guard-cells, one above the other, but only the lower cells 
belong to the stoma, and they alone take part in the opening 
and closing of the pore. Beneath each stoma is a large inter- 
cellular air-cavity. 

Next below the epidermis comes th.t hypodermis^ a layer 
of cells which are elongated parallel to the axis of the leaf. 
They have extremely thick walls, and help much in giving 
rigidity to the whole organ. The hypodermal layer is inter- 



Fig. 102. — Transverse section of a leaf of Picea exceha. s, 
stomata ; r, resin canal. In the middle observe the central 
cylinder with a single vascular bundle, in which the xylem 
is directed upwards, en, endodermis ; tr, transfusion 
tissue. Magnified 82. (R. S.) 

rupted below the stomata, while at the corners of the leaf it 
may be more than one cell thick. 

Within the hypodermis we find the most important part 
of the leaf-tissue, namely, the assimilating parenchyma, 
containing chlorophyll-granules. This forms a thick layer, 
"and indeed makes up the greater part of the substance of 
the leaf. Its cells are thin-walled and rather irregular in 
shape, and their cell-walls are often somewhat folded. The 
cells contain innumerable chlorophyll-granules, which are 
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embedded in the protoplasm lining the cell- wall (see Fig. 

I03-) 

In the mesophyll we very often find two resin canals placed 
near the two lateral corners of the leaf (Fig. 102, r). The 
resin canals have the usual structure, namely, a layer of 
secreting epithelium next the cavity, and a strengthening ring 
of sclerenchyma surrounding the epithelium. These resin 
canals are not very constant in their occurrence. Some- 



Fig. 103.— External tissues of leaf from the same section as Fig. 

102 j enlai'ged to show details, g, guard-cells of stoma ; 
a.c, air-chamber ; epidermis ; /i, hypodermis ; p, assimi- 
lating parenchyma. Magnified 330. (R. S.) 

times there is only one, sometimes there are none at 
all. When present, the canals end blindly at the base 
of the leaf, so that they do not join on to those of the 
stem. This shows that the leaf forms its own resin and 
keeps it to itself. 

We now come to the central cylinder. This is marked 
off from the mesophyll by a regular endodermis, which has 
essentially the same structure as the endodermis of a root 
(see Fig. 104, eii). Within the endodermis we find the 
conjunctive tissue of the cylinder, and in the middle of this 



232 ,F'lO W:ERI N.G : 'PLANTS 

is the vascular bundle: We will describe the latter first. 
It is generally a double bundle in the lower part of the leaf, 
but nearer the apex only one bundle can be distinguished, 
as in Fig. 102. The xylem consists of tiracheids, with plates 
of parenchyma, resembling medullary raysri between them. 
The first-formed tracheids, on the upper side of the xylem, 
are spiral, the rest pitted ; the phloem has much the same 
structure as in the young stem. Between xylem and phloem is 

a layer of cambium. As 
[| compared with the leaves 

of most Dicotyledons or 
Monocotyledons, we see 
that the Fir leaf is very 
scantily supplied with 
vascular bundles. It has, 
however, an arrange- 
ment of its own, which 
to some extent makes 
good the deficiency. 
Among the cells of the 
conjunctive parenchyma 
there are a number of 
short tracheids with 
bordered pits (see Fig. 
104, i). These tracheids 
are in communication 
both with one another and with the xylem of the 
bundle. They no doubt take up water from the bundle, 
and pass it on through the pitted endodermis to the assimilat- 
ing tissue, w’-here it is wanted. These tracheids outside 
the bundle form what is called the transfusion, tissue, a 
very characteristic feature in the anatomy of coniferous 
leaves. 

The phloem as well as the xylem enjoys the advantage of 
an extension into the conjunctive tissue. On each side of 



Fig. 104. — Part of the central cylinder 
and adjoining tissue of the leaf of Picea 
excehay in transverse section ; from 
the same section as Fig. 102, more 
enlarged, p, cells of assirnilating 
parenchyma ; en^ endodermis ; 
transfusion tissue of cylinder ; al, al- 
buminous cells ; phy part of the phloem 
of bundle ; Xy part of the xylem of 
bundle. Magnified 330. (R. S.) 
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the bundle we find a large group of cells with dense proto- 
plasmic contents (see FigI 104, al). They join on to the 
phloem of the bundle. These albuminous cells^ as they are 
called, appear to answer the same purpose as the enlarged' 
companion-cells at the ends of the finer bundles in dicotyle- 
donous leaves. It is supposed that they collect the protein 
substances formed in the mepophyll, and transfer them to 
the phloem for transport into the stem. 

The conjunctive tissue further contains a strand of thick- 
walled fibres placed just outside the phloem (see Fig. 102). 
We see, then, that the tissue of the cylinder is altogether 
rather complicated, for besides the vascular bundle and the 
ordinary parenchymatous cells, in which starch is formed, 
it contains the transfusion-tracheids, the albuminous cells, 
and the sclerenchymatous fibres. 

The leaves remain on the tree for three or four years. 
During this time a certain amount of new tissue, chiefly 
phloem, is formed by the cambium. Secondary growth in a 
leaf is not so very common, and is limited to leaves which 
last for a long time. 

The leaf is constricted at^the base, so that the mesophyll 
here comes to an end. Only the cylinder extends through 
into the stem. Hence all the food-material which goes to 
and fro between leaf and stem must pass through the tissues 
of the cylinder, which thus forms part of the conducting 
system of the plant. 

The scale-leaves which protect the buds have a very 
simple structure compared with the foliage-leaves, for they 
have no assimilating work to do. They often contain no 
vascular bundle at all ; two resin canals, however, are 
present in the mesophyll. The epidermis on the outer 
surface of the scale has an extremely thick cuticularised 
external wall, and this is no doubt the most important part 
of the whole scale-leaf, as it protects the young organs of 
the bud from the risk of drying up. 
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c. Root 

The root-system of the Spruce, and of Conifers in general, 
consists of the main tap-root and its branches. Adventitious 
roots hardly ever occur in these plants, unless it be on the 
base of the hypocotyl, where they scarcely differ from the 
ordinary rootlets. 

The general structure of the root is of the dicotyledonous 



Fig. 105. — Transverse section of the root of Picea excelsa siX the 
commencement of secondary thickening, px, px^ the two 
protoxylem groups ; uniting them is the primary xylem- 
plate. Outside each protoxyiem group is a resin canal. ^^2, 
first layers of secondary xylem ; c, cambium ; ph, phloem"; 
p.c, pericycle ; pdy periderm ; endodermis. Outside 
this is cortex. Magnified 33. (R. S.) 

type — that is to say, we find as a rule a simple primary 
structure with a small number of strands of xylem and 
phloeni. This simple primary .structure soon becomes 
completely transformed by the early occurrence of secondary 
growth on a great scale. The mode of development is likp 
that of a Dicotyledon, and consequently the resulting struc- 
ture is also similar. We have found many such resemblances 
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in the vegetative organs, though, as we shall see, the two 
Glasses are not at all closely related. The young root is 
clothed on the exterior by a piliferous layer of thin- walled 
cells. The root-hairs, however, remain short (Fig. 109, r./?). 
The Conifers generally are badly provided with root-hairs, 
and many species do not form them at .all. Root-hairs 
increase the absorbent surface by which water and sub- 


j)d 


r. c. 

Fig, 106. — Semi-diagrammatic transverse section of a root of 
Picea excelsa at a later stage. pXy pXj protoxylem groups ; 

resin canal ; x\ secondary xylem ; ph'\ phloem ; pc, 
pericycle ; pd, periderm, formed from outer layer of peri- 
* cycle; ro, remains of cortex. Magnified 22. (R. S.) 

stances in solution can be taken up. The greater the 
transpiration, the greater is the quantity of water needed, 
and the more does the absorbent surface require to be 
increased. Now the leaves of most Coniferss have a very 
thick cuticle, while the stomata are not very numerous and 
lie sheltered at the bottom of deep depressions. The water- 
conducting tissue of the leaf is also, as we have seen, but 
moderately developed. Hence the amount of water vapour 
given off in transpiration is comparatively small, and the 
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supply of water taken up is small in proportion. Instead of 
root-hairs being present many coniferous roots are closely 
surrounded by fungal hyphse, which absorb water and 
substances in solution from the soil and pass these on to 
the roots. Such an association between a fungus and the 
root-system of a plant is termed mycorrhiza. 

Within the piliferous layer is a wide zone of parenchyma- 
tous cortex, limited on the inner side by the endodermis, 
which immediately surrounds the central cylinder (see Fig. 
105.) This endodermis has the structure with which we 
have already become familiar. Its radial and horizontal 
walls are corky and undulated, and show the characteristic 
dark line when seen in section (see Fig. no, en). 

The cylinder of the root in the Fir may be either triarch 
or diarch. The main root always has the former structure. 
We will describe the diarch type which our figures illustrate. 
The triarch roots do not differ from this except in the number 
of strands. 

The first thing that strikes us as peculiar in the structure 
of the cylinder is the great width of the pericycle, which 
forms a broad zone from six to nine cells in thickness. It is 
thickest opposite the middle of the two phloem groups (see 
Fig. 105, Most of the pericyclic cells contain a quantity 
of starch, which is ready for use in the formation of the cells 
of the new tissues as they develop. Within the pericycle 
comes the vascular tissue, which, as seen in transverse 
section, occupies a somewhat elliptical area (see Fig. 105). 
The two protoxylem groups lie at the ends of the long axis 
of the ellipse, and therefore at the points where the pericycle 
is narrowest (Fig. 105, px). This first-formed xylem 
consists of spiral tracheids. The tissue lying between the 
two protoxylem groups slowly becomes converted into wood. 
The differentiation advances from either end towards the 
middle of the cylinder, until ultimately a continuous plate 
of primarj^ wood is formed, extending across the middle of 
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the cylinder (see Figs. 105 and 106). The primary wood is 
now complete. Its development goes on very gradually, so 
that the secondary growth has usually begun before the 
primary structure is finished. We will, however, consider 
the two stages separately. All the middle part of the primary 



Fig. 107. — ^Part of a transverse section of the root of Ficea 
excelsa^ showing the completion of the cambium outside 
the protoxylem by division of pericyclic cells, px^ proto- 
xylem ; ?Ci, primary xylem-piate ; secondary xylem ; 
b, bordered pits ; c, camHiim ; ph^y primary phloem 
(crushed) ; phi, secondary phloem ; r.c, resin canal ; pc, 
pericycle ; pd, periderm. Magnified 165. (R. S.) 

plate of xylem consists of pitted tracheids. Just outside 
each protoxylem group a resin canal is formed in the 
pericycle (see Figs. 105, 106, and 107). 

The primary phloem forms two bands, one on each side 
of the xylem-plate, from which they are separated by a few 
layers of conjunctive parenchyma (see Fig. lo^ypk). 


238 / ■; ' FLOWERING ■ PLANTS; ; ' 

Even before the primary tissues are completely developed, 
cambium begins to arise by tangential divisions of the 
conjunctive cells lying just inside the phloem groups. As 
usual, secondary xylem is formed on the inner side of the 
cambium and secondary phloem on its exterior. As it is 
the layer of cells next the phloem which divides to form the 
cambium, a band of unaltered parenchyma is always left 
between the primary and secondary xylem (see Figs. 105, 
106, and especially 107). 

For some time the cambial divisions are limited to the 
part immediately within the phloem groups (see Fig. 105). 
Eventually, however, the division spreads to the pericyclic 
cells lying outside the two resin canals, which border on the 
protoxylem groups. In this way the cambium is completed 
round the ends of the xylem-plate, and henceforward it 
forms a continuous ring. Fig. 107 represents the stage 
when the cambial divisions have already extended to the 
cells beyond the resin canal. No secondary tissue has as yet 
been formed in this position, although at the sides of the 
xylem-plate a considerable amount of secondary xylem and 
phloem has already been developed, so that the primary 
phloem is crushed and obliterated. A later stage, in which 
the secondary tissues already form a complete ring, is shown 
in the diagrammatic figure 106. The structure of the 
secondary tissues needs no special description ; it is the same 
as in the stem. We may, however, notice that in the first 
few layers of the secondary xylem the pits are formed on all 
surfaces of the tracheids indiscriminately (see Fig. 107, 5 ). 
In the later-formed layers they are limited to the radial 
walls (see, however, p. 227). 

As soon as the cambium has begun its activity, the most 
external layer of the pericycle also becomes the seat of new 
formations. The cells of this layer divide up by tangential 
walls, and thus give rise to a phellogen which forms cork- 
cells on its outer side (see Figs. 105, 106, 107, pd). From 
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this time onwards the root ceases to be an absorptive organ. 
The corky periderm completely isolates the cortex from all 
communication with the conducting cylinder, and conse- 
quently the whole external tissue, from the endodermis 
outwards, dies away. Henceforward the root is an organ of 
conduction only, consisting solely of the central cylinder, 
which by means of its cambium retains the power of un- 
limited growth. In all these respects the root of a Conifer 
agrees closely with that of a typical Dicotyledon. 

d. Grawing- Points and Lateral Appendages 
a. Growing-’Point of the Stem 

The apex of the shoot in a Fir has essentially the same 
structure as that of an angiospermous plant. . It consists of 


a 



Fig. 108. — Median longitudinal section of the growing-point of 
the stem of Picea excelsa, a, apex ; /, very young leaves ; 
pyp, young pith ; c, c, cortex. Between c and p the vascular 
bundles arise. Magnified about 140. (After Sachs.) 

meristem, the cells .of which are small, and have the usual 
characteristics of embryonic tissue, large nuclei, abundant 
cytoplasm, and thin cell-walls (see Fig. 108). 

The formative layers of the meristem are less distinct here 
than in Angiosperms. Whereas in the latter it is a genera] 
rule that the external layer of the apical meristem gives rise 
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to the epidermis only, this is not the case in Conifers. Here 
the superficial cells of the growing-point may divide by 
walls parallel to the surface, and thus contribute to the forma- 
tion of cortical as well as of epidermal tissue (see Fig. 108). 
The limit between plerome and periblem is often impossible 
to trace near the apex. Thus in our figure the sharp line of 
demarcation at p corresponds to the limits of the pith, not 
to those of the plerome. Without entering further into the 
question of the meristematic layers, which is a difficult and 
disputed one, we may safely say that their differentiation at 
the apex of the stem is on the whole less sharp in Gymno- 
sperms than in Angiosperms. 

The leaves and branches arise, just as in Angiosperms, 
exogenously, i.e. they are formed by the growth and division 
of cells which belong to the outer layers of the meristem 
(see Fig. 108, /, /). Their tissues are always in direct con- 
tinuity with those of the shoot which bears them. 

/ 3 . Growing-Point of the Root 

The apex of the root in the Spruce and its allies grows in 
much the same way as that of a Dicotyledon. There is an 
outer layer of meristem {xkt calyptrogen),Sormmg both the 
root-cap and the piliferous layer (see Fig. no, c), a middle 
group or periblejn, which gives rise to the cortex {p in Fig. 
no), and within this is th.^ plerome^ from which the central 
cylinder is developed {pi in same figure). This, at least, is 
the arrangement of the apex of young roots, such as those 
shown in Figs. 109 and no, soon after their first formation. 
It is doubtful whether the limit between the periblem and 
the calyptrogen can always be traced at the growing-point 
of the older roots. 

The formation of the rootlets or branches on the parent- 
root also follows the dicotyledonous type, with slight modifi- 
cations. The rootlets are arranged in as many vertical rows 
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as there are protoxylem groups in the main root. Thus, 

in our diarch root of the Spruce there would be two opposite 

rows of rootlets lying in the same plane as the xylem-plate. 

The rootlet here, as in all 

Flowering Plants, arises from 

the pericycle of the main root. J 

The layer of pericyclic cells /? 

which divides to form the 

rootlet is , here the second layer 

from the outside. Tangential ^ 

walls are first formed, which 

separate off the plerome, or 

future central cylinder of the ^ 
rootlet, while the outer cells 
resulting from the first division 
again divide tangentially into 
periblem and calyptrogen. The 
more internal layers of the 
pericycle merely form the base 
of the central cylinder of the 
rootlet, by which it is attached 
to the vascular tissue of the 
main root. 

The outermost layer of the 
pericycle also divides, and follows 
the growth of the young branch, 
round which it forms a tem- 
porary envelope (5 in Figs. 109 
and no) during its growth 
through the cortex. This envelope 
is the digestive sac (see p. 148). 

The whole of the cortex, as well as the piliferous layer, 
has to be bored through by the rootlet before it reaches the 
exterior. It completely absorbs all the tissues which lie in 
its way. 


Fig. 109. — Portion of a trans- 
verse section of a root of 
Finns pinea (allied to Picea), 
showing an early stage of 
development of a rootlet, 
jff, protoxylem group of main 
root ; c,s, resin canal ; 
remains of cortex of main 
root ; ep^ its piliferous layer, 
in which root-hairs, r./?, are 
shown ; pl^ plerome of root- 
let ; py periblem ; c, calyp- 
trogen ; s (shaded), digestive 
sac, covering the apex of 
rootlet, and formed from the 
outer layer of the pericycle 
of the main root. Magnified 
about ® 150. (After Van 
Tieghem and Douliot.) 
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The only peculiarities in the mode of origin of the 
branches of the root, in this instance, depend on the fact 
that the pericycle is of unusual thickness, and are not 



Fig. 1 10. — Similar section of a root of Picea excelsa^ showing 
origin of a rootlet. endodermis of main root ; pe^ outer 
layers of a pericycle ; e, cortex at base of rootlet ; other 
lettering as in Fig. 109. Magnified about 150. (After Van 
Tieghem and Douliot.) 

characteristic of the class generally, but only of the Spruce 
and its nearer allies. In all the essential points the mode of 
branching of the root is identical in Gymnosperms and in 
Dicotyledons. 

Summary of the Vegetative Structure of Conifers 

In the general morphology and anatomy of both stem and 
root the Conifers agree closely with Dicotyledons, while 
they bear little or no resemblance to the Monocotyledons. 
The distribution and longitudinal course of the vascular 
bundles and the mode of secondary growth are practically 
identical in Conifers and Dicotyledons. Yet in other respects 
we find very great differences. This is especially the case as 
regards the leaves. 

Some Conifers have leaves of more complex;, structure than 
those of the Fir, but still it is characteristic of the group to 
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j have a comparatively simple bundle system in the leaf. Its 
’ simplicity is constantly compensated for by the formation of 

j transfusion tissue and albuminous cells outside the actual 

; bundles. 

I In the more minute structure there are also important 
differences ; the entire absence of vessels from the wood is 
a striking character. 

As regards the phlochn, we find distinctive peculiarities in 
the structure of the sieve-tubes, and in the replacement of 
! true companion-cells by elements of a different origin. 

These characters suggest to us that after all we are dealing 
with a group fundamentally distinct from Dicotyledons. It 
will be noticed that in the points in which Conifers differ 
most strikingly from Dicotyledons, they differ equally from 
Monocotyledons. We shall find later on that in some 
peculiarities of their vegetative structure the Gonifers 
approach certain groups of the Flowerless Plants, which 
we have yet to consider.^ 

The study of the vegetative organs of these plants, how- 
ever, throws comparatively little light on their real systematic 
position. We will now proceed at once to make ourselves 
acquainted with their reproductive phenomena. 

III. STRUCTURE OF THE REPRODUCTIVE 
ORGANS 

a. The Male Gone 

I The male cone of the Fir, as we have already learnt, is a 

j short lateral shoot, bearing a few bracteoles on the lower, 

! and numerous spirally arranged stamens on the upper part 

i; of its axis. 

I In form, the stamens are more obviously leaf-like than 

I those of Angiosperms. The pollen-sacs are only two in 

I number on each stamen, and are inserted side by side on its 

i See Part IL, Flowerless Plants, 
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under surface. In some other Conifers, however, they are 
much more numerous. While in Angiosperms the number 
of the pollen-sacs on the stamen is very constantly four, in 
the Gymnosperms their number is subject to very great 
variations. The dehiscence of each ripe pollen-sac takes 
place separately by a longitudinal slit. 



Fig. I n . — Af Male cone of Finns pmnilio in median longitudinal 
section. Magnified about 7 times, B, Longitudinal sec- 
tion through a single stamen, showing one of the pollen- 
sacs ip) below : apex of lamina. Magnified 14. C, 

Transverse section of a stamen ; p^py the two pollen-sacs. 
Magnified about 30 times. D, A ripe pollen-grain ; g, 
small generative cell ; y, large vegetative cell ; Wy wings 
formed by inflated cuticle. Magnified 290 times. (After 
Strasburger.) For details of pollen-grain, see Fig. 112. 

Each pollen-sac arises from a small group of cells on the 
under side of the stamen while it is still very young. One 
cell of this group, lying immediately below the epidermis, 
becomes the archesporiumy and after dividing up a great many 
times, gives rise to a large mass of pollen mother-cells. 
Here, as in Angiosperms, the pollen-producing tissue grows 
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at the expense of the surrounding layers ; the innermost of 
these layers, called the tapetum, is rich in proteins, and is 
the first to be digested. The outer wall of the pollen-sac is 
originally about three cells in thickness, but before maturity 
all except the epidermis have disappeared (see Fig. iii, 
B, C). ^ ' . 

The division of the pollen mother-cells takes place in the 
early spring. Each mother-cell divides into four daughter- 
cells, which become the pollen-grains. The walls of the 
mother-cells break down. An enormous number of pollen- 
grains are produced altogether. " If we shake a Fir-tree in 
May, when the male flowers are ripe, the pollen comes out 
in great clouds of yellow dust, which float for a long time in 
the air, and are carried to great distances if any wind is 
blowing. The Firs are wind-^poUinated trees — that is, the 
transport of the pollen-grains from the stamens to the 
ovules is entirely dependent on currents of air. Hence a 
very small proportion of the pollen-grains ever reach the 
ovules, and in order that there may be a fair chance of 
pollination taking place at all, a very large number must be 
produced, the vast majority of which are wasted. We will 
now see why the pollen-grains are so light and float so long 
in the air. If we examine the ripe pollen-grains under the 
microscope, we find that each grain has a curious winged 
form, owing to the development of two large air-cavities in 
the cell- wall (see Fig. iii, D, zy). The wall of the pollen- 
grain is covered on the outside by a layer of cuticle. At two 
places on opposite sides of the grain the cuticle becomes 
separated from the cellulose wall within ; the spaces thus 
formed are at first filled with water, so that a kind of blister 
arises on each side of the pollen-grain. The water is 
absorbed and the spaces become filled with air when the 
pollen is ripe. This curious arrangement has the effect of 
reducing the weight of the pollen-grain in proportion to its 
surface, these lateral expansions acting as veritable wings. 
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Thus the grain is more easily carried to a distance by the 
'wind.' ; ^ 

Before the pollen-grain is ripe, important changes go on 
in its interior. Each pollen-grain, when first formed by 



Fig. 1 1 2. — Pollen grain of Picea excel sa shortly before it is 
ripe, a’, Wy the wings; i, the large vegetative cell; its 
protoplasm is contracted ; its nucleus ; 2, 3, the two 
collapsed cells ; 4 and 5, the stalk-cell and terminal or 
generative cell, not yet completely divided from one 
another. B, Pollen-grain beginning to germinate. The 
large cell, i, is growing out to form the pollen-tube. 
Lettering as before. C, Germination more advanced ; 
only upper part of pollen-tube shown. The generative 
cell, 5, has divided into two, each with a very large nucleus. 
Magnified 240. (After Strasburger.) 

division of its mother-cell, is merely a single cell with one 
nucleus. But before the dehiscence of the pollen-sac takes 
place, a series of divisions goes on in each pollen-grain. 
First, a small cell is cut oflF on the side of the grain farthest 
from the insertion of the wings. This little cell is separated 
from the large one by a thin wall shaped like a watch-glass. 
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Two more divisioOvS take place in the large cell, cutting off 
tw o more small cells, so that there is now a row of three small 
cells placed one upon another, and projecting into the cavity 
of the large cell. The first two of the small cells collapse, 
the third grows bigger and divides into two, forming a little 
stalk-cell and a larger terminal or generative cell, which is 
long enough to reach quite half-way across the cavity of the 
grain (Fig. II 2, ^ and 5 ). 

The pollen-grain is now ripe, and we see that within its 
winged membrane no less than five cells are enclosed : first, 
the large cell, which still forms the main part of the whole ; 
second and third, the two little collapsed cells next the wall; 
fourth, the stalk-cell ; fifth, the terminal or generative cell. 
We see, then, that the pollen-grain of a Fir is a much more 
complicated structure than that of an Angiosperm (see 
Fig. 1 12). 

b. The Female Gone 

The arrangement of the organs of the female cone has 
already been described. 

We have seen that each of the conspicuous scales of the 
cone is an outgrowth produced on the upper surface of a 
much smaller carpellary scale. The much larger outgrowths 
which the small scales bear, and which in their turn Tear the* 
ovules, are called the ovuliferous or seminiferous scales. 
There is much uncertainty as to the interpretation of the 
parts of the female cone in Coniferae. 

In the Firs two ovules are borne on the upper surface of 
each ovuliferous scale. Neither the number nor the position 
of the ovules is at all constant in the Coniferae generally. In 
the Araucarias, for example, to which the ‘‘ Monkey Puzzle 
belongs, there is only a single ovule to each carpellary scale, 
while in some of the Cypress family a great number are 
produced on each. The ovuliferous scale is often rudi- 
mentary or absent, as in the Araucaria family, where the 
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ovule is borne directly on the carpellary scale. In the Yew^ 
which is classed with Conifers, though it does not bear 
female cones, the ovule is not formed on a leaf at all, but is 
seated on the end of a short branch. 

To return to the Fir : each ovule is straight {orthotropous), 
and has a single integument. The micropyle points imvards 
towards the axis of the cone. 

It is not necessary to follow the early development of the 
ovule in detail, for up to a certain point it grows ia very much 
the same way as the ovule of an Angiosperm. If the reader 
will refer to the development of the ovule (see pp. 102 and 
156), as described in the Wallflower or the Lily, he will under- 
stand what goes on here. Here, as in Angiosperms, the 
important changes all go on in the nucellus or middle part 
of the ovule. The archesporium arises from a cell just below 
the epidermis of the nucellus. The archesporium is a single 
cell to begin with. It divides by a tangential wall ; from 
the upper part tapeMl cells are formed. The lower part 
divides up into a row of three cells, and it is usually the 
lowest of the three which becomes the embryo-sac. Both 
the epidermis and the tapetal cells undergo a great many 
divisions by tangential walls, so that the embryo-sac comes 
to be buried deep down in the nucellus, beneath a thick mass 
of tissue. 

The embryo-sac at first, like any other cell, has a single 
nucleus, which soon divides up repeatedly, until there are a 
large number of nuclei in the protoplasm lining” the cell- 
wall of the sac. At the same time the embryo-sac enlarges 
greatly. The nuclei of the embryo-sac are at first free, but 
after a time cell-walls are formed between them, cutting 
up the parietal layer of protoplasm into a layer of cellular 
tissue. The cells thus formed continue to grow^ and divide 
until the whole embryo-sac is filled with tissue. The growth 
of the sac still goes on, until by the time of fertilisation, in 
the latter , part of June, it is about of an inch in length. 
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The growth and cell-division of the internal tissue keep pace 
with the enlargement of the embryo-sac. 

We see, then, that in the Fir, the embryo-sac becomes filled 
with tissue before fertilisation. This characteristic is common 
not only to all Conifers, but to all Gymnosperms, and is one 
of the most important distinctions between this Class and 
ail other Flowering Plants. The tissue within the embryo- 
sac has the same function as the endosperm of the Angio- | 

sperms, and is often called by the same name, but, as its ; 

origin is so different, it is better to use a distinct term, and 
call it the prothallus (see Part II., Flowerless Plants). i 

After the embryo-sac is filled with tissue, but before it . 
has reached its full size, certain cells of the prothallus, at the 
end towards the micropyle, begin to be distinguished from 
their neighbours by their larger size and denser protoplasm. 

These cells are from three to five in number, and are always 
superficial cells of the prothallus, in contact with the embryo- 
sac wall at its upper end.^ I 

While the neighbouring cells go on dividing as fast as { 

they grow, these few special cells grow enormously without 
dividing. After a time, however, each of them divides near 
its upper end by a transverse wall. The upper and smaller 
daughter-cell thus formed undergoes several further divi- 
sions, both transverse and longitudinal. The lower cell 
remains for a long time undivided, but continues to increase 
greatly in size. ^ 

The stage which we have now reached is this : the em- 
bryo-sac has grown to a great size, and is filled with tissue. 

At its upper end are from three to five groups of cells, each 
consisting of a single very large oval cell below and a well- 
defined column of small cells' above ; each group is called an 
archegonium. The large lower cell is the venter of the 

^ We always use the word upper y in describing an ovule, for the end 
towards the micropyle, without reference to the position which the 
ovule may happen to occupy. 
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archegonium ; the little column of cells above is the 
neck, • ■ ■ 

A general idea of the structufe of the whole ovule at this 
period is given by Fig. 113. In this we see the pointed 



Fig. 1 13. — Longitudinal section of an ovule of Picea at the time 
of fertilisation, it^tegument ; wc, nucellus ; 5, part of 
the wing ; pollen-grains on the tip of the nucellus ; 
t, pollen tubes ; neck of an archegonium ; a, venter 
of archegonium containing the ovum, 0 ; n, nucleus 
of ovum; prothallus. Magnified 9 times. (After 
Strasburger.) 

nucellus, nc. Most of its lower part is occupied by the large 
oval embryo-sac, which is shaded to indicate that it is filled 
with prothalliis, e. Two of the archegonia are showm in 
section. 
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The archegonia are the true female organs, in which 
fertilisation takes place. Just before the archegonium is 
ready for fertilisation, a very small lens-shaped cell is cut off 
from the venter at its upper end. This is called the ventral 
canal cell {stt Fig. 114, Ay cl). The immensely larger lower 



Fig. 1 14. — A, Upper part of embryo-sac in longitudinal section, 
showing two archegonia : o, ovum of an archegonium ; c, 
neck ; cl, ventral canal cell ; n, n nuclei of the two ova. 

B , Portion of upper surface of prothallus, showing the neck 
of an archegonium, c, C, Enlarged longitudinal section 
passing through the neck of an archegonium at the time of 
fertilisation. The pollen-tube, has penetrated the neck. 
Near the lower end of the tube its two generative nuclei are 
seen. Magnified — A , about 50 diameters; B , about 135 
diameters ; C, about 125 diameters. (After Strasburger.) 

cell which remains after this final division is the ovum itself, 
which will give rise to the embryo after fertilisation. The 
ova in the Fir and in most Gymnosperms are of relatively 
very large size, so as to be easily visible to the naked eye. 
The large scale of the whole reproductive apparatus at the 
time of fertilisation is convenient for observation, but is 
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sometimes puzzling when we have become accustomed to 
the minute size of the corresponding organs in Angiosperms. 
Fig. 1 14, A, shows the upper part of the embryo-sac with 
two archegonia embedded in the prothallus. 

Each ovum has a large nucleus, and is densely filled with 
cytoplasm, in which there are numerous vacuoles, often 
bearing a deceptive resemblance to nuclei. 

The neck of the archegonium, as seen in longitudinal 
section, consists of two to four tiers of cells (Fig. 114, A 
and C). When seen in surface view (Fig. 114, jB), it appears 
as a rosette of six or eight cells, so that the total number of 
cells in the neck may vary from twelve to thirty- two. 

We see, then, that the arrangements within the embryo- 
sac at the time of fertilisation are totally different in Gymno- 
sperms from those in all other Flowering Plants. On the 
other hand, they agree closely with the corresponding 
structures in some of the higher Cryptogams. We must now 
consider the processes of pollination and fertilisation. 

c. Pollination and Fertilisation 

Pollination, as we have already learnt, is brought about by 
the wind, which blows the light winged pollen-grains in all 
directions, so that some of them chance to alight on the 
female cones. This takes place in May. Just before this 
happens, an interesting change may be observed in the 
cones, which prepares them to receive the pollen. The axis 
of the cone elongates a little throughout its whole length, 
so that the ovuliferous scales are all shifted a little farther 
apart. Thus an open space is left between each tw'o succes- 
sive scales, through which the pollen-grains can reach the 
ovules. 

At this time the ovule is still at an early stage of develop- 
ment. The embryo-sac is still small, and is not yet filled 
with prothallus. 

The integument opens widely, leaving an open passage 
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through the micropyle, leading down to the apex of the 
nucellus. .At the same time a small quantity of liquid is 
secreted within the micropyle on the surface of the nucellus. 
Some of the pollen-grains carried by the wind pass between 
the ovuliferous scales and come to rest on the edge of the 
integument of an ovule. Another change now takes place : 
the micropyle closes, the lips of the integument bending 
inwards, and bringing the pollen grains into contact with 
the top of the nucellus, to which they adhere owing to the 
liquid which has been secreted. 

The germination of the pollen-grain now begins. Our 
Fig. 1 12, B, shows a pollen-grain, highly magnified, at the 
beginning of this process. The large vegetative cell sends 
out a tube, which penetrates the tissue of the nucellus. The 
vegetative nucleus passes into the tube, but becomes dis- 
organised, and has no further part to play. So far the group 
of small cells within the grain has remained unchanged. 
Now, however, the end cell of the group, which is the 
generative cell, divides into two. The stalk-cell behind 
them breaks down ; the two generative daughter-cells are 
set free and pass into the pollen-tube (see Fig. 112, C, 5). 
Their nuclei have now become very large and granular. 

Pollination takes place in May, fertilisation not until near 
the end of June ; the interval in the Spruce Fir is thus about 
six weeks. In some other Conifers, such as the Scotch Pine, 
Pinus sylvestris^ and the Juniper, the interval is very much 
longer ; the pollen falls on to the ovule in May of one year, 
but fertilisation is not effected until June of the next year. 

To return to Picea : the pollen-tubes eventually grow 
down through the nucellus as far as the embryo-sac. They 
contain numerous starch-grains, which serve as food during 
their growth. 

In the meantime the ovule has ripened. By the time that 
the pollen-tubes have reached the embryo-sac, it is com- 
pletely filled with prothallus, and the archegonia have been 
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formed (see Fig. 113). After the 20tli of June the aetual 
fertilisation takes place, A pollen-tube penetrates the wall 
of the embryo-sac just above the neck of an archegonium. 
It CGntiniies to grow on, passes between the cells of the neck, 
absorbs the ventral canal cell below, and reaches the proto- 
plasm of the ovum itself (see Fig. 114, c). The two genera- 
tive cells are now at the growing end of the pollen-tube. 
Their nuclei are shown in the figure. 

The leading generative nucleus, accompanied by a small 
amount of cytoplasm, now passes through an opening in the 
membrane at the end of the pollen-tube (Fig. 115, A, sn). 
It traverses the intervening cytoplasm and reaches the 
nucleus of the ovum, with which it eventually unites ^ (Fig. 
115, 5 ). Fertilisation is now effected. We see thus that, 
different as many of the preliminary processes have been, 
yet the act of fertilisation in itself is essentially the same as 
in Angiosperms. Fertilisation is, in fact, an identical process 
in all plants in which it occurs at allA Fertilisation involves 
the fusion of two sexual cells or gametes, which in all the 
higher plants are clearly differentiated as male and female. 

d. Development of the Embryo 

The fertilised nucleus, resulting from the fusion of the 
male and female nuclei; passes into the lower end of the 
ovum. It there undergoes two divisions, so that there are 
now four nuclei, all of which lie in the same horizontal 
plane (see Fig. 115, C, where, of course, only two of them 
are shown). Successive divisions now take place in a direc- 
tion at right angles to the long axis of the ovum, until there 
are sixteen nuclei altogether, lying in four tiers one above 

^ For an account of the fertilisation of certain Gymnosperms by means 
of spex-matozoids or motile male cells, see Part 11., Flozverless Plants, 
Chapter VIII. 

- Double fertilisation, however, described above in the Wallflower and 
Lily, is a phenomenon peculiar to Angiosperms. 
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another. Each nucleus of the lower three tiers is enclosed 
with its surrounding cytoplasm within a cell-wall ; the 



Fig. 115. — A., Ovum at the time of fertilisation: p, end of 
pollen-tube ; sn, generative nucleus from the pollen-tube ; 
ofi, nucleus of ovum. B, Ovum a little later : the two 
nuclei are in the act of fusing. C, Base of ovum showing 
first divisions after fertilisation : two of the four cells are 
shown. D, More advanced stage : four of the eight cells 
are shown. E, Still more advanced stage: s, cells from 
which suspensor will be formed ; e, cells of the embryo. 

F, Still later stage : the suspensor ^ has grown to a great 
length (it is composed of four cells). The rudimentary 
embryo, e, has been pushed downward by the growth of 
the suspensor. Magnified about 70 diameters. (After 
Strasburger.) 

uppermost four are free nuclei (see Fig. 115, D, E), It is 
to be noticed ^that only a part of the ovum is concerned in 
these divisions ; much the greater portion remains undivided 
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and has nothing to do directly with the development of the 
young plant. It only serves as a store of food for the 
embryo. 

The four free nuclei now become disorganised ; the tier 
of four cells next below them undergoes 
little change, and remains in its original 
position. The third layer, however, iv in 
Fig. 115, and F, elongates enormously, 
forming the suspensory which here consists 
of four parallel cells. The lowest group 
of four cells is pushed forward by the 
suspensor deep^, into the middle of the 
prothallus. It is this lowest group, e in 
Fig. 1 15, and F, which alone forms the 
actual embryo. 

In the Spruce Fir only one embryo can 
116— -Lon n from each archegonium. All 

tiidinai section^of the archegonia, however, may be fertil- 

the embryo of ^ time, from three to five 

Ficea taken irom . ' . , 

a ripe seed, cp, developing embryos may be present side 

root-cap ; c/, cen- jjy prothallus of the same 

cap ; ply growing- oviile. One, however, always gains the 

“ the ripe seed only 
lar tissue of cylin- this one remains. In some other Conifers, 
ratyi ; c’, cot^le- Scotch Pine, the four cells of 

dons, of which the suspensor separate from each other, 
shown. *^MagS- ®2.ch bears a separate embryo at its 

fed 10 diameters, end. In this case, therefore, each 

burger.) archegonium gives rise to four embryos, 

and altogether there may be from twelve 
to twenty in the young seed. Here also, however, ' only 
one out of the whole number comes to perfection. 

We will not follow the further development of the embryo 
in Picea in detail. Its growth, with which the cell-division 
keeps pace, goes on from June until October, by which time 



THE SPRUCE FIR 257 

the seed is ripe. The suspensor at first serves to supply the 
young embryo with food, but by the time the seed is ripe its 
function is at an end. The embryo then extends through 
the whole length of the embryo-sac, but is still enveloped in 
a mantle of prothallus ; the middle part of the prothalliis 
has been absorbed by the embryo for its own nutrition. 
The structure of the embryo in the ripe seed is shown in 
Fig. 1 16, which represents it in longitudinal section. The 
root is directed towards the micropyle. 

The apex of the root is protected by an 
enormously thick root-cap. The root 
itself is still but little developed, while 
the hypocotyl occupies nearly half the 
length of the embryo. The cotyledons 
are numerous, generally numbering about 
eight. This is not, however, a character 
common to Conifers generally, for many 
of them, such as the Yew, have only two. 

The eight cotyledons of the Firs probably 
represent the subdivisions of two. 

The cone opens in the spring, and the 
winged seeds are scattered by the wind, 
as already described. 

When the seed germinates, the root 
grows out through the micropyle, and 
turns downward into the ground. The 
cotyledons during germination absorb the remainder of the 
prothallus. The apex of the stem directs itself upwards ; 
the seed-coat is at first lifted up upon the cotyledons, 
but is soon cast off as they expand (Fig. 117). The 
cotyledons become green, and the young plant is now 
able to assimilate its own . food. In some Conifers the 
cotyledons within the seed become green before germina- 
tion. This is, one of the few examples of chlorophyll 
developing in darkness. 



-Young 
seedling of Picea, 
ct, cotyledons ; 
//, hypocotyl ; r, 
roots. Natural 
size. (After 
Kerner.) 
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Summary 

We will now pass rapidly in review those facts in the 
reproduction and development of the Fir which are typical 
of gymnospermous plants generally, and which indicate 
their relations, on the one hand to the Angiosperms, and on 
the other hand to the Flowerless Plants. 

Apart from the peculiarities in the general morphology 
of the male cone, which have been sufficiently dealt with 
already, we find a characteristic feature in the considerable 
number of cells which are formed within each pollen“grain. 
This, as we shall see later on, is a very significant fact. The 
production of all these intermediate cells, before the actual 
generative cells are set apart, is really a cryptogamic character, 
and is one indication, among many, that the Gymnosperms 
are on a different level from all other Flowering Plants. 

The gymnospermy, or direct pollination of the ovule 
without the intervention of a stigma and style, is itself a point 
of great importance. Fertilisation by means of a pollen-tube 
is one of the chief characters of Phanerogams. In Gymno- 
sperms we still have the pollen-tube, but its work is more 
limited than in Angiosperms, for its function only consists 
in conveying the generative cells through the tissues of the 
nucellus. 

On the side of the female organs, the differences as 
compared with Angiosperms decidedly outweigh the 
resemblances. 

The filling of the embryo-sac with an extensive prothallus 
before fertilisation is exactly what we shall find occurring in. 
the highest Cryptogams, but is quite different from anything 
in Angiosperms, where only a few cell- divisions intervene 
between the formation of the embryo-sac and that of the 
ovum. 

The archegonia, with their multicellular necks, are quite 
foreign to the Angiosperms, while they agree in every detail 
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with the female organs of the higher Cryptogams, ij, f^^t, 
we may say that from the formation of We embryo-sac 
up to the act of fertilisation the whole development is 


The embryology, on the other hand, though highly 
neculiar, is not of such far-reaching signihcance, for the 
mode of development varies greatly among the Gymno- 


soerms themselves. . 

^The seed is still a marked, phaneropmic character ; after 
fertilisation, the differences from Angiosperms become much 

less striking than before. 

The Gymnosperms are known, from geological evidence, 
to be enormously more ancient than any other Flowering 
Plants ; they still retain many of the characters of their yet 
more primitive cryptogamic progenitors.’- 

1 Part IP) FlowBtless Chapter I, 




Adventitious. — Not according to rule ; as in the case of roots which 
spring from the stem and not from the main root. 

Albuminous. — i. Containing a nutritive tissue (endosperm) when ripe ; 
used of seeds, 

2. Containing protein ; used of certain cells in Gym- 
nosperms. 

Alburnum. — ^T he sap-wood. 

Anatropous. — Bent back parallel to the funicle, so that the micropyle 
faces the placenta, the nucellus remaining straight ;* used of o\aiies. 

Andrcecium. — The stamens of a flower, collectively. 

Annual, — ^A plant which lives for only one year or a single season, 
producing seeds before it dies. 

Annual Rings. — The rings of wood in shrubs and trees, formed annually 
from the cambium. 

Anterior. — T urned away from the main axis. 

Anther. — The part of a stamen which contains the pollen. 

Anthocyanin. — A class of pigments commonly present in the cell sap 
of petals and other parts of plants. 

Antipodal Celi^. — The cells in the basal part of the embryo-sac, away 
from the micropyle. 

^rchegonium. — The organ in which the female cell is produced in the 
Gymnosperms and Higher Cryptogams. 

Auxin. — A special growth-promoting substance in plants. 

Axil. — The angle between stem and leaf, on the upper side of the latter. 

Axillary. — Arising in the axil. 

Axis, — T he stem or main root, as distinguished from its appendages, 
suph as leaves or rootlets. 

Bast. — Phloem ; the tissue which conducts the food-substances formed 
in the leaf ; it may include fibres and parenchyma. 

Biennial. — A plant which lives for two years, flowering only in the 
second year. 

Bract. — ^A small leaf in the axil of which a flower is borne. 

Bracteole. — A small leaf on the flower-stalk. 

Bulb.— A n underground storage organ, serving for pereiination, in 
which sw^ollen leaves or leaf bases are the chief storage tissue. 

Calyptrogen. — ^T he layer at the growing-point of a root, which forms 
the root- cap. 

Calyx. — The outermost set of leaves in the flower. 

Cambium. — The layer of actively dividing cells, w'hich forms the 
secondary xylem and phloem. ^ 
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CAMPYLOTROPOLfs. — With the nucelius curved back so that the micropyle 
faces the placenta ; used of ovules. 

Capsule. — A dry, dehiscent fruit, formed of two or rriore united carpels. 

Carpel. — One of the innermost floral structures which bears or encloses 
the ovules. 

•Carpellary Scale. — The lower of each pair of scales in a female Fir- 
cone, bearing the ovuliferous scale on its upper surface, 

Casfarian Strip. — The thickened part of certain walls of the endo- 
dermal. cells. 

Cell. — ^The structural unit in living organisms, consisting of cytoplasm, 
nucleus, and usually ceil- wall. 

Central Cylinder. — The inner region of a stem or root, including 
xylem, phloem, and conjunctive tissue. 

Centrifugal. — D eveloping from within outwards. 

Centripetal. — Developing from without inwards. 

Chalaza. — The base of the nucelius of an ovule, where it joins the 
funicle and where the integuments are attached. 

Chlorophyll. — ^The green colouring matter of plants necessary for 
carbon-assimilation in sunlight. 

Chlorophyll-Granule. — A cytoplasmic body (plastid) in which chloro- 
phyll is contained. 

Chloroplast. — A plastid containing chlorophyll. 

Chromoplast.-— A plastid containing colouring matter other than 
chlorophyll. 

Chromosomes. — The essential thread-like constituents of the nucleus, 
which divide longitudinally during mitosis. 

Colloidal. — Matter is said to be colloidal when it consists of a mixture 
of two phases. These may be both liquid, e.g. an emulsion of oil 
and water, or one may be solid and the other liquid, e.g. a suspension 
of clay particles in water. In each of these examples one of the 
phases (oil or clay) is discontinuous. A jelly {e.g, gelatine), however, 
consists of a continuous framework of gelatine with a continuous 
water phase' permeating it (like the air spaces in a sponge). If the 
particles of the discontinuous phase are extremely small, the 
system ’’ is a true solution. 

Companion-cell.— -A cell associated with a. sieve-tube and formed 
from the same mother-cell. 

Conjunctive Tissue. — The tissue of the central cylinder, in which the 
xyiem and phloem are embedded ; it includes pith, medullary rays, 
and pericycle. 

Connective. — The part of the anther to which the pollen-sacs are 
attached. 

Cork- Cambium. — ^The layer of actively dividing cells forming the cork 
and phelloderm. 

Corm. — ^An underground storage organ resembling a bulb, but in which 
the storage tissue is chiefly stem. 

Corolla. — The set of leaves in a flower, next within the calyx ; usually 
of a bright colour. 
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Cortex. — The zone of tissue lying between the central cylinder and the 
epidermis. 

Cotyledon,— A seed-leaf ; the first leaf or one of the first two leaves of 
the seedling. 

Cuticle. — The external layer of the outer cell-walls of the epidermis. 

Cytoplasm.— The clear, homogenous part of the protoplasm of a cell, 
excluding the nucleus. 

Dehiscence. — The opening of- a fruit to emit the seeds, or of an anther 
to emit the pollen-grains. 

Dermatogen. — The layer at the growing-point which forms the epi- 
dermis. 

Diarch. — Having two primary groups of xylem and two of phloem ; 
used of roots. So also Triarch (3), Tetrarch (4), and Polyarch 
(numerous). 

Digestive Sac. — The temporary cap of a young rootlet, while still 
within the parent root. 

Ectoplasm. — The outer, clear layer of the cytoplasm. 

Egg- apparatus. — The three- cells (ovum and synergid^e) at the end of 
the Angiosperm embryo-sac towards the micropyle. 

Embryo. — The young plant produced from the fertilised ovum. 

Embryo-sac, — The large cell of the ovule, containing, in Angiosperms, 
the egg-apparatus, antipodal cells, and polar nuclei, and, in Gymno- 
sperms, the prothallus with archegonia. 

Endarch. — -The position of the protoxylem when on the inner edge of 
the metaxylem. 

Endodermis. — The innermost layer of the cortex, adjoining the central 
cylinder. ' 

Endogenous. — A rising from deep-seated tissues. 

Endoplasm. — The inner, granular layer of the cytoplasm. 

Endosperm.— A tissue formed in the embryo-sac, w-hich feeds the' 
embryo. 

Enzymes. — Complex substances, formed by living cells, in the presence 
of which certain chemical changes ai*e rapidly effected. 

Ephemeral. — A plant which lives for only a few months, producing seeds 
before it dies. 

Epidermis.— The skin of plants ; the superficial layer of tissue in stems 
and leaves. 

Epithelium. — -A layer of cells secreting resin or other substances. 

Etiolation. — The condition of a plant grown in darkness, in which the 
shoots are yellow, the internodes are elongated, and the leaves are 
■ ".small.'.' 

Exalbuminous. — Containing little or no endosperm when ripe ; used of 
seeds, ■ ■ ■ , ■ ■ 

Exarch. — The position of the protoxylem when on the outer edge of the 
metaxylem. 
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Exo DERM IS. —The outermost layer of cortex in a root, just below the 
piliferous layer. " 

Exogenous. — Arising from the external tissues. 

Extrorse.— Opening outwards ; used of anthers, , 

Fascicuuar.— Belonging to a vascular bundle. 

Fertilisation,— T he union of the male cell with the female cell or 
.'ovum. 

Fibrous Cells. — Long, thick- walled cells of the wood, serving for 
strength, sometimes retaining their living contents. 

Fibrous Layer. — The thickened layer in an anther, which brings about 
its dehiscence. --.u " 

Filament. — The stalk of a stamen. 

Fruit.— T he ripened ovary, containing the seeds. 

Funicle. — The stalk of an ovule. 

Gametes. — Sexual cells, differentiated in the higher plants as male and 
female. 

Generative Cells. — The male cells or gametes, which effect fertilisation. 

Geotropism. — The response of plant organs due to the stimulus of 

gravity. . . . 

Growing-Point. — The part (usually the apex) of a stem or root, where the 
new tissues and organs are formed. 

Guard-cells. — The two cells of a stoma, enclosing the pore. 

Gyncecium. — The carpels of a flower, collectively. 

Hair. — An outgrowth of the epidermis, ,i 

Heart-Wood. — ^The part of the wood which no longer conducts the } 

transpiration stream, serving only for mechanical support. ! 

FIermaphrodite.— Containing stamens and pistil in the same flower. j 

FIilum. — -I . The scar on a seed, where it was attached to the funicle. ' 

2. The first-formed part of a starch-granule, round which the 

successive layers "are deposited. 

Hydrotropism.— T he response of plant organs due to a difference in 

relative humidity on different sides. 1 

Hypocotyl. — The part of the stem below the cotyledons. 

Hypo DERMIS. — An outer zone of the cortex, next below the epidermis. 

Hypophysis. — The cell in an embryo which joins the suspensor to -the 

embryonic cell. : 

Inflorescence. — A group of flowers (or a single flower) on a stem. 

Integument.^ — A coat or envelope of an ovule or seed. I 

Interfascicular. — Lying between the vascular bundles. V 

Internode. — The portion of stem lying between two nodes, % 

Introrse. — Opening inwards ; used of anthers, 
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Ions. — T he electrically charged parts into which a molecule of an acid, 
base, or salt breaks up when the substance is dissolved in w^ater. 

Leaf-trace. — -A vascular bundle, or group of bundles, passing out from 
the stele into a leaf. 

Lenticels. — Gaps in corky tissues, which allow of aeration of the internal 
living cells, 

Leucoplast. — A colourless plastid, forming a starch-granule. 

Lignin. — A substance of complex composition which impregnates the 
wails of woody cells. 

Medulla. — The pith. > 

Medullary Ray. — A vertical plate* of parenchyma running radially 
through xylem and phloem. 

Meristem. — A tissue of actively dividing cells, from which the per- 
manent tissues are developed. 

Mesophyll.; — ^The internal tissue of the lamina of a leaf, including both 
palisade and spongy parenchyma. 

Metaxylem.-— The later-formed part of the primary wood. 

Micropyle, — The opening in the coats of an ovule, through which the 
pollen-tube or pollen-grain enters. 

Mitosis. — The complicated division of the nucleus, which involves the 
longitudinal fission of each chromosome, and the separation of the 
daughter chromosomes into the daughter nuclei. 

Moncecious. — Having the stamens and pistils in different how-ers on 
the same plant. 

Mother-cell. — A ceil which produces other cells by division, as the 
mother-cell of the four pollen-grains. 

Mycorrhiza. — I'he intimate association of fungal hyphie with the 
subterranean organs of certain plants. 

Nectary. — A gland seci-eting honey. 

Node. — ^I' he part of the stem to which a leaf is attached. 

Nucellus!^ — The central body of the ovule, surrounded by the integu- 
ments and containing the embryo-sac. 

Nuceolus. — A dense granule usually present in the resting nucleus. 

Nucleus. — A definite oi'gan of the cell, forming part of its living sub- 
stance and controlling its development and multiplication. 

Octantsl — The 8 cells into which the embryonic cell first divides. 

Grthotropous. — Straight, not in any way bent or curved ; used of 
ovules. 

. Ovary, — T he part of the pistil in which the ovules are contained. 

Ovule. — The young seed before fertilisation, consisting of nucellus, one 
or more integuments, and usually a stalk or funicle. 

OvuLiFEROUS Scale. — I'he upper scale of each pair in a Fir-cone, borne 
on the upper surface of the carpellary scale and itself bearing the 
ovules. . , 
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Ovum. — The female cell or gamete, which, after fertilisation, gives rise , 

'to' the. .embryo. 

Palisade Parenchyma,— The part of the internal tissue of the lamina of 
a leaf which is turned towards the light; consisting of vertically 
elongated cells, rich in chlorophyll. 

Papilla.— A small outgrowth or elevation of the surface. 

PARENCHyMA.— Cellular tissue, with the cells not much elongated and 
usually having square or rounded ends. 

Pedicel.— T he stalk' of a flower. • 

Perennial.— Lasting for several years ; used of herbaceous and woody 
■■ plants." 

Perianth, — The envelopes of a flower^ including calyx and corolla when 
both are present. 

Periblem. — The layer at the growing-point, from which the cortex is 
formed. 

Pericycle. — The outermost layer of the central cylinder, adjoining the 
cortex. 

Periderm. — The secondary skin of plants, including cork on the outside 
and phelloderm on the inside, with cork-cambium between. 

Perisperm.— A tissue formed from the nucellus which feeds the embryo ; 
occurring in a few seeds, Water Lily. 

Petal. — A leaf of the corolla. 

Phanerogams. — Flowering Plants, including Angiosperms and Gynino- 
sperms. 

Phellogen. — Cork-cambium, the layer of actively dividing cells forming 
the periderm. 

Phloem. — Bast ; the tissue which conducts the food-substances formed 
in the leaf ; it may include fibres and parenchyma. 

Photosynthesis. — Carbon-assimilation ; the decomposition of carbon 
dioxide in sunlight, by the aid of chlorophyll, with the resulting 
formation of new organic material. 

Phototropism . — -The response of plant organs due to unequal intensities 
of illumination on different sides. 

Phyllotaxis. — The arrangement of the leaves on the stem. 

Piliferous Layer. — The superficial layer, bearing the root-hairs in 
young roots. 

Pistil. — The central organ of a flower, composed of one or more carpels, 
and enclosing the ovules. 

Pith. — ^The internal tissue of the central cylinder, lying inside the zone 
of vascular strands. 

Pits. — The thin spaces in the walls of vessels, tracheids, and other cells. 

Placenta. — ^The part of the ovary to which the ovules are attached. 

Plastid. — ^A cytoplasmic granule, usually forming starch, and often 
containing chlorophyll or other colouring matter ; includes chloro- 
plasts, chromoplasts, and leucoplasts. 

Plerome. — The middle part of the tissue of the growing-point, forming 
the central cylinder. 
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Plumule. — T he young stem and leaf-bud of the embryo. 

Polar Nuclei. — The two nuclei, one from each pole of the Angiosperm 
embryo-sac, which unite, to form, after fertilisation, the nuclei of the 
. endosperm. ■ , ■■■; ■■■ ■ . . . . 

Pollen.— The cells discharged from the stamens j they produce the male 
cells by which fertilisation is effected. 

Pollen-sac. — The sac in which the pollen-grains are produced; 
usually there are four such sacs in the stamen of an Angiosperm and 
two or more in that of a Gymnosperm. 

Pollen-tube .—The tube which grows out from a pollen-grain and 
conveys the male cells to the ovule. 

Pollination.'— -The depositing of the pollen on the stigma or on the 
ovule. 

Polypet ALOUS. — With the petals separate. 

Polysep ALDUS.* — With the sepals separate. 

Posterior. — 'Turned towards the main axis. 

Primordial Utricle.— The cytoplasm lining the cell-wall and enclosing 
the central vacuole. 

Peocambium. — "A strand of ceils in the meristem of the growing-point, 
from which a primary vascular strand will be formed. 

Pro-embryo.*— -The early stage of the embryo, when it consists of the 
embryonic cell and suspensor. 

Prosenchym.^. — A tissue consisting of elongated cells with pointed ends. 

Prothallus. — The tissue which bears the sexual cells. 

Protophloem. — The first-formed elements of the phloem or bast. 

Protoplasm. — The living substance of plants and animals. 

Protoxyi-em. — The first-formed elements of the xylem or wood. 

Raceme. — An inflorescence consisting of a long main axis, bearing 
stalked lateral flowers, the lowest opening first. 

Radicle. — T he young main root of the embryo. 

Raphe. — The part of the funicle which is adherent to the nucellus in an 
anatropous ovule. 

Receptacle. — The axis of a flower, on' which the perianth, -stamens, and 
pistil are borne. 

Replum. — The persistent placenta in Crucifer?©, to which the seeds are 
attached. 

Respir.^tion. — The breathing of plants, involving oxidation and the 
giving off of carbon dioxide. 

Rhizome,— A horizontal underground stem. 

Root-cap. — The sheath of protective tissue which envelops the tip of a 
growing root. 

Root-hair. — A unicellular outgrowth of the young root, by which 
w^ater and salts are absorbed from the soil. 

Root-pressure. — The osmotic pressure exerted by the cells of the root, 
resulting in the pumping up of water into the stem. 
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Sap-wood . — The part of the wood which conducts the transpiration 
; '.stream. 

Seed.— The sexually produced reproductive body of the Flowering 
Plants, consisting of the fertilised and matured ovule, containing an 
embryo, wdth or without a nutritive tissue (endosperm). 

'.Sepal .—A, leaf o'f the. calyx. ■ ’ 

Septum.— I .-—A partition in the ovary or fruit, separating two carpels. 

2.— A cell- wail separating one cell from another. 

Sieve-plate.— The perforated cell-wall through which the cells of a 
sieve-tube communicate with each other. Sieve-plates also some- 
times occur on other wails of the sieve tubes. ‘ 

Sieve- TUBE. — A vessel of the phloem, having perforated cell- walls 
between its cells. 

Spermatozoid. — A male cell which has the power of active movement, 
as in most Cryptogams and in Cy cads among Gymnosperms. 

Spongy Parenchyma. — The part of the internal tissue of the lamina of 
a leaf which is turned away from the light ; consisting of chlorophyll- 
containing ceils, with large intercellular spaces. 

Stamen. — ^One of the organs in a flower or male cone, which bears the 
pollen-sacs. 

Starch- Granule .—A body consisting of starch (CgHioOs)?^ and formed 
by a plastid. 

Stele. — The central cylinder, containing the vascular tissue. 

Stigma. — The part of the pistil which receives the pollen. 

Stoma. — A pore, serving for the interchange of gases, and consisting of 
two guard- ceils with an opening between them. 

Strobilus. — A cone, such as the male or female fructification of a Fir- 
tree. ' 

Style.— T he part of the pistil which connects the stigma with the ovary. 

Suspensor.-^A filament of cells, forming a temporary organ of attach- 
ment for the embryo. 

Syncarpous.— C onsisting of two or more united carpels. 

Synergidae.— The two cells accompanying the ovum in An^osperms, 
and assisting in fertilisation.. 


Tapetum. — The cells lining the inside of a pollen-sac, or adjoining the 
embryo-sac mother-cell in an ovule, 

TAPr-ROOT. — The main root of the plant, developed from the radicle of 
the embryo. 

Testa. — The seed-coat. 

Thalamus, — The receptacle. 

Torus, — T he thickened portion of the closing membrane of a pit. 

Trachea. — A water-conducting element of the wood ; either a vessel 
(cell-fusion) or a tracheid (single cell). 

Tracheid. — A w^ater-conducting element of the wood, formed from a 
single cell, not undergoing fusion. 
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Transfusion TissuE.---The network of short tracheids, lying outside 
the vascular bundle in the leaf of a Conifer. 

Transpiration. — The giving off of water vapour through the stomata, 
from the surface of the plant, especially from that of the leaves. 

Tropism. — Curvature of a plant organ in response to an external stimulus. 

Tuber. — short and thick underground branch, serving for propaga- 
tion. 

Vacuole. — A clear space in the cytoplasm, filled with cell-sap. 

Valve. — One of the segments into which the wall of a capsule splits up, 
on dehiscence. 

Vascular Bundle. — A strand consisting of xylem and phloem associated 
together. 

Venter. — The lower part of an archegonium, containing the ovum. 

Ventral Canal-cell.—- The small cell lying immediately above the 
ovum, in Gymnosperms and the Higher Cryptogams. 

Versatile. — Turning freely on its support, as the anther on the filament 
in the lily, etc. 

Vessel. — A water-conducting element of the wood, formed by the 
fusion of a row of cells. 

Whorl. — A ring of leaves or other organs, all inserted at the same level 
on the axis. 

Xylem. — The wood ; that part of the vascular tissue which serves 
principally for the conduction of water, though also for food-storage 
and mechanical support. 
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Silver-grain, 83 
Sinapisy 74 
Sliding growth, 82 
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